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THE ANATOMY OF THE ORANG OUTANG 

(SIMIA SATYRUS). 

AN ACCOUNT OF SOME OF ITS EXTERNAL CHARACTERISTICS : AND 
THE MYOLOGY OF THE EXTREMITIES. 

(Reprinted by permission from the Transactions ef the Canadian Institute^ iSg8'-gg). 

A brief note concerning the external features of the Orang Outang 
was read by me before the Canadian Institute on December i8th, 1897. 
Since that time I have had an opportunity of dissecting the animal, and 
of consulting the literature on the subject I propose, in this paper, to 
give a detailed account of some of its external features, and then to deal 
at some length with the anatomy of the muscles of the extremities. 
The musculature in the anthropoid apes is of great interest when studied 
from the comparative standpoint, and in the Orang, which I have been 
fortunate in securing, some unusual conditions present themselves which 
make the enquiry of special interest. 

The anatomy of the anthropoid apes has excited the interest of 
scientists for very many years. The old anatomist Tyson* described 
the Chimpanzee two centuries ago. Whilst his paper is entitled " The 
Orang Outang, or the Anatomy of a Pygmie," it would appear that the 
creature which he dissected was in reality a Chimpanzee. Many ana- 
tomists since the time of Tyson have been interested in the anatomy of 
the anthropoid apes, and the reason the subject possesses so much 
fascination for the scientific enquirer was well expressed by Owen' more 
than half a century ago, when he wrote : " In tracing the successive 
stages by which the lower animals approximate the structure of man, 
the interest increases as we advance, and becomes most exciting when 
we arrive at the highest term of the brute creation. At this point every 
deviation from the human structure indicates with precision its real 

I Edward T3rw>ii, M.D., '* Onuiff-Outaiiff, nve Homo Sylvestris, or the Anatomy of a Pypnie compared 
with that of a Monkey, an Ape. and a Bfan." London, 1699. 

a Richard Owen, ** On the Otteotogy of the Chimpaniee and Oranv Utan." Tranaactkms of the Zoo- 
logical Society of London, Vol. I. 1835, p. 343. 
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4 PRIMBOSB : THB ANATOMY OF THE ORANG OUTANG 

peculiarities, and we then possess the true means of appreciating those 
modifications by which a material organism is especially adapted to 
become the seat and instrument of a rational and responsible soul." 

Owen states that " the Orangs, or tailless apes of Africa and Asia, 
have long been recognized as the mammalia which make the closest 
approach to man ; and their organization has therefore been studied 
with more or less care and detail by many distinguished physiologists 
and comparative anatomists." This statement indicates the interest 
which had been manifested in the study of the anthropoid apes, more 
than half a century ago. 

In addition to the Orang Outang, the group of anthropoid apes 
includes the Gorilla and the Chimpanzee, which inhabit chiefly the west 
coast of Africa, and the Gibbon, which is found in the Indian Archi- 
pelago and some parts of the adjoining mainland. 

The Orang Outang is found in the islands of Borneo and Sumatra. It 
would appear that the creature never attains a great size. Huxley 
remarks that there is no evidence that they exceed 4 feet 4 inches in 
height. On the other hand, Rudolf Fick states that Clark Abel is 
reported to have found a species of Orang in Sumatra which reached 
the height of two metres ; this, however, Fick considers a gross exag- 
geration. 

The specimen which I am about to describe was that of a young male 
animal (reproductions from photographs of the animal are published 
herewith). It measured 57 cm. in height. No history of its previous life 
and habits could be obtained. The shape of the cranium approaches, 
in many particulars, the human type. As has been pointed out by 
Hartmann* and others, the young apes approach more closely to the 
human type of skeleton than do the aged apes. Thus the great bony 
crests which are so characteristic of the skull of an aged male Gorilla 
are absent in young specimens. In all the smaller and middle-sized 
monkeys the general surface of the calvaria is oval and smooth, and 
remains so throughout life, whilst in the larger Baboons and Orangs 
there are well-marked supraorbital, sagittal, and occipital ridges.' 
These are said to attain their greatest development in the aged male 
Grorilla, where, as Flower asserts, they completely mask the original 
form of the cranium. . In my specimen (a young animal) the surface of 
the cranium was perfectly smooth, and in this respect resembled the 
skull of a man, as there were no indications of crests. 

It would appear, however, that the bony crests develop in connection 

I Robert Hartmann, "Aathropoid Apes." New York, t88S, p. 107. 

a W. H. Flower. *' An Introduction to the Osteology of the Mammalia." London, 1885, p. t6e. 
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with the skull fairly early. Thus Delisle^ observes that many crania 
exhibit well-developed sagittal crests, whilst as yet osseous union has 
failed to occur between the basioccipital and the basisphenoid. In 
man this union occurs about the twentieth year. Delisle describes the 
skull of an Orang, which exhibited this and other signs of youth, in 
which the crests were apparently in an early stage of development; 
the frontal crests, instead of uniting at the bregma to form the sagittal 
crest, passed backwards close to the superior border of the parietal 
bones, on each side of the sagittal suture, quite independently of each 
other, being separated by an interval of 2 cm. until they reached the 
occipital crest This interparietal ridge may rise, according to Owen,' 
in the adult animal, to the height of one-third to two-thirds of an inch 
above the general surface. These crests give a massive appearance to 
the skull, but as Owen* long ago showed in his description of the skull 
of a Gorilla, the skull may be actually lighter than it is in man. This 
unexpected result is due to the greater size and extent of the air cells. 
Owen found that these extended in the Gorilla backwards from the 
tympanum, along the base of the occipital crests, as far as their junction 
with the parietal crest, and forwards also to the sphenoidal sinuses ; the 
frontal sinuses, and the antrum, were also developed to an unusual 
extent 

The dental formula in the Orang is similar to that of* man. In my 
specimen none of the permanent teeth had as yet erupted, and the for- 
mula was as follows : — 



MUk 



I 2-2 I - I 2-2 

teeth \ I C M = 

\ 2-2 I- I 2-2 



One finds that the dental formula in all the anthropoid apes is the same 
as that of man, and, in fact, such is the case in all the old world apes, 
with the exception of the Lemurs ; whilst, on the other hand, among 
the American apes there is considerable variation. 

The lips are very wide and possess a wonderful degree of mobility. 
The mouth, in the living Orang, is said to be closed as a rule ; but, 
when the animal is taking food, the lips are used in a very curious 



I Deliale, " Sur I'ott^loi^ie de« Orang-Outans." Coro|>tes Rendut de TAcaditnie det Sdeoces. Paris, 
i89«, VoL CXIX. p. S4I. 

a Loc. dt., p. 356. 

3 R. Owen. "Otteological Contributaona to die Natural History of the Cbimpanxeea, etc.** Transactiona 
of the Zoological Society of London. Vol. Ill, 1848, p. 41a. 
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fashion. Thus, Fick^ states that the lower lip may be protruded so as 
to form a kind of natural cup, so that if, for example, milk be given to 
the creature, he can fill this cup formed by the protruded lip, and then 
proceed to sip or lap the milk out of it Darwin' refers to the protru- 
sion of the lips in discussing the expression of the emotions in animals- 
He states that the lips of young Orangs and Chimpanzees may be pro- 
truded to an extraordinary degree ; they thus act, not only when 
angered, sulky, or disappointed, but when alarmed at anything and like- 
wise when pleased. 

The eyelids are wrinkled, so that a series of grooves, parallel to the 
free margin, exists both in the upper and the lower lid. From the pal- 
pebral margin project well developed eyelashes. The eyes are never 
widely open in the Orang. They are placed very close tc^ther ; Fick 
found, in the adult Orang that the pupils were only separated 5.7 cm., 
whilst in the emmetropic human eye they were separated 5.9 cm. 

One of the most characteristic forms of expression in man is produced 
by the wrinkling of the forehead. Apparently the Orang does not pos- 
sess this power to the slightest degree, although several observers have 
found the comigator supercilii muscles present — muscles which produce 
the wrinkling of the forehead in man. It would appear, therefore, that 
the Orang has lost the power of using these muscles much in the same 
manner as man has lost the power of moving the ears. This lack of 
power of moving the auricle may be commonly noted in man, although 
the muscles in connection with it are developed. The facial muscles of 
expression in general in the ape are poorly developed in comparison with 
the same group in man. Bischoff is no doubt correct when he states that 
man differs from all animals, and from the highest apes very essentially, 
in the strong development and isolation of the facial muscles of expres- 
sion. He concedes that the apes are excellent face-makers, but their 
emotions are expressed by distorting the whole face. The nose of the 
Orang is extremely short and depressed. There is no bridge and no 
point The anterior nares look upwards and forwards. The shape of 
the ear in the Orang is remarkably like that in man. It possessed, in 
my specimen, the Darwinian pointed tip. This point, to which Darwin 
directed attention, consists of a small blunt process which projects 
inwards from the in-folded margin (the helix). In many monkeys the 
upper portion of the ear is slightly pointed, and the margin is not 

I Rudolf Pick, "Veryleicbend anatomiache Studim ao einan erwachteaeo Oraoflr-Utangr." 

ArchiT fklr AnaL uod Phys. Anat Abth., iSgis, p. i. 
a Charies Darwin, ** The Bxpreaston of the Bmotaons in Man and Animals." London, 187a, p. 140 
3 Charles Darwin, **The Descent of Man." London. 1871, Vol. I, p. aa. 
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at all folded inwards. This condition, according to Darwin, occurs in 
monkeys which do not stand high in the order, as Baboons and some 
species of Macacus. When, however, the whole ear is pressed perman- 
ently backwards, and the margin is infolded, as in the higher apes, the 
point persists as the process mentioned. Darwin's point is found very 
frequently in the human ear, and whilst it is often absent in man, it is 
also not infrequently absent in the anthropoid apes. 

In my specimen, the lobule of the ear was entirely absent This 
peculiarity, too, is often found in man. The ears projected in a fairly 
well-marked fashion from the side of the head, although not more so 
than is the case in many human ears. 

There was no prominence in the region of the chin in my Orang, and 
in this particular, it agrees with .other anthropoid apes ; in fact, the for- 
ward projecting chin may be looked upon as a fairly distinctive human 
characteristic ; although Huxley states that in certain of the Gibbons 
(the Siamang) he found something approaching to a chin. He says, 
however, that this ** is the only ape which has anything like a mental 
prominence." Again, Huxley remarks that whilst the chin in the 
European is either straight or projects beyond the level of the incisor 
teeth, in the lower races it retreats somewhat, although this recession 
appears greater than it really is, because of the prominence of the 
teeth.' In my Orang the recession of the lower jaw was such that a 
continuous curve was formed, which extended, without interruption, from 
the margin of the lower lip above to merge below in the outline of 
the neck. 

The short thick neck of my Orang is a characteristic common to all 
anthropoids. The shortness of the neck is developed to a remarkable 
extent — to an extent seldom approached in man. It is due, not to 
shortness of the cervical spine, but, as Langer' has pointed out, to the 
shortness of the fibres of the levator scapulae, and of the descending 
part of the trapezius muscles. The result is that the shoulders of the 
Orang are raised considerably above the level of the sternum, and the 
head seems to be sunken literally between the shoulders. This brings 
about an oblique position of the scapulae, and a peculiarity of shape of 
these bones as compared with man. 

I Huxley, ** The Structure and ClastificatSon of the BfammaUa." The Medical Timet and Gaxette, 
VoL I and VoL 11, 1864. p. 6i8. 

* Ibid. VoL I, p. 309. 

3 C. Laogrer, " Die Mueculatur der BxtremiUlten des Oranir aIs GnindlaKe einer vergrleiehend- 
nyoloflriedien Untersuchunflr." Sits, der math-natur. Clane der Icaia. Acad, der Wimeoichatten. VoL LXIX, 
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In the cheek of man there exists what is called the buccal fat pad. 
This is a circumscribed mass of lobulated fat lying upon the buccinator 
muscle and the anterior margin of the masseter muscle, closely sur- 
rounding the duct of the parotid gland. It is particularly well devel> 
oped in the cheek of the infant, and has been called the *' sucking 
pad " on account of its supposed function in connection with the 
act of sucking. Symington^ has demonstrated the relations of this 
pad of fat in the cheek of the child, and has figured the pads as 
they appear in coronal section through the cheek. Ranke' states 
that the existence of this pad was first described by Heister in 
1732, who, however, mistook it for a gland, and called it the "glandula 
molaris;" and later anatomists followed this erroneous view. Ranke 
showed that it was surrounded by a connective tissue envelope, through 
which it was connected to the underlying buccinator muscle, and 
that a deep process of the mass passed backwards and upwards into 
the spheno-maxillary fossa under the ramus of the jaw and the lower 
part of the temporal muscle. It was found well developed in a four 
months' old foetus, and, while it persists throughout life, it is more notice- 
able as a well-defined structure in the infant. A peculiarity of this 
cheek pad is that, according to Ranke, it withstands the destructive 
processes which destroy the subcutaneous fat in many wasting diseases. 
Macalister" is apparently in error in making a statement to the con- 
trary. These pads become unduly prominent when the neighbouring 
subcutaneous fat of the cheek wastes away. This sucking pad in my 
Orang was remarkably well developed. It formed an isolated mass 
completely separated from the subcutaneous fat, and presented all the 
features described as characteristic of it in the human infant. 

In the Orang, as age advances, enormous masses of fat develop in the 
cheeks and in the neck. It is not certain whether or not these cheek 
pads are developed from the sucking pad already described — probably 
they are rather developed from the subcutaneous fat. At all events, in 
the old Orang, these later developments of fat attain great dimensions. 
They are fully described and figured by Fick.* According to his state- 
ment, they had not been previously described, but we find that Huxley * 
mentions them as occurring in an adult male Orang. The extreme 

I Johnson Symington, '* The Topoflrritphical Anatomy ot the Child." Bdinburgrh, 1887, p. 14. 
» H. Ranke, ** Ein $augp(^ter in der menachlichen Backe." 

Virchow** Archtv fUr path. Anat. und Phys., Vol. XCVII. 1884, p. 597. 

3 A. Macalister, '* A Text book of Human Anatomy." London, 1889, p. 566. 

4 Loc. dtp p. a. 

5 Loc. dUt Vol. I, p. 564. 
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Ugliness of the old Orang is largely due to the existence of these cheek 
and neck pads. They fornn on each cheek semi-lunar appendages 
covered by the skin. In the dead Orang, Fick described then) as tri- 
angular in shape. The free apex of the triangle was at the level of the 
malar bone, whilst the attached base of the triangle extended from the 
top of the frontal bone downwards to the lower margin of the lower jaw 
and face. Fick suggests that it occurs only in old age and in the male sex. 
These masses of fat are, to some degree, mobile; and Fick figures an 
Orang lying asleep, in which the cheek pad having fallen forwards, forms 
a cushion for the creature to rest its head upon. A similar development 
of fat occurs in the neck of the old Orang. Deniker and Boulart^ 
describe similar voluminous pads of fat in the Orang— one 6 cm. thick, 
extended under the occiput and the nape of the neck ; two others, in the 
form of semilunar crests i8 cm. long and ii cm. wide existed on the 
side of the face and upon the jaws, and gave the animal a most 
singular appearance. This development of fat in the Orang appears 
to be connected with the age of the animal, and Fick suggests that 
it is comparable to the accumulation of fat which is apt to occur in 
man after a certain age is reached. 

In my Orang there were no such free appendages of fat, but a mass of 
fat existed beneath the jaw, extending down over the hyoid bone and the 
larynx. Embedded in this were two thin walled sacs which were found 
to communicate with the air passages. They were in fact diverticula 
from the larynx, and were pyriform or egg shaped, attached above in the 
neighbourhood of the thyro-hyoid membrane; they diverged from one 
another, passing out under the sterno-hyoid muscles and after appearing 
in the neck on either side at the posterior border of this muscle, they 
came forwards towards the middle line. The sac upon the left side 
measured 5 cm. in its long axis and 2.3 cm. in its greatest width. The 
right sac measured 2.5 cm. long and 1.5 cm. wide. The sacs were very 
readily separated from the mass of fat in which they were embedded. It 
would appear that these sacs occupied an unusual position in my Orang 
in their relations to the muscles. In the descriptions which I have been 
able to consult they are figured as appearing in the middle line of the 
neck between the infra-hyoid muscles, whilst in my Orang they passed out 
behind these muscles and appeared at the posterior border of the muscles 
in the manner described. It is in the median position that Vrolik' des- 
cribes and figures them in the Chimpanzee, as do also Deniker and 

I J. Deniker and R. Boulart, '* Sur divers points de rAnatomie de TOranff-Outan." Comptes 
Readus de TAcademie des Sciences. Vol. CXIX, 1894, p. 936. 

a W. Vrolik, **Recherchcs d'Anatomie compart sur le Cbimpans^,*' Amsterdam, 184 1, p. 44 and 
pistes. 
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Boulart' in the Orang. In former descriptions it has been assumed that 
these sacs are found only in the older animals; the great development of 
them in my young specimen disproves this statement It would seem 
that they are seldom developed symmetrically, but one sac is always 
larger than the other. This disparity in size may be great; thus Deniker 
and Boulart found in one Orang the left sac measured ii cm. long, 
whilst the right sac in the same animal was only 41 mm. The lai^r 
sac also often overlaps the smaller^ and may completely conceal it lying 
in the middle line of the neck ; this probably accounts for the circum- 
stance that some anatomists have been led to describe the sac as a 
single azygos structure. Careful search in cases where the sac 
appeared single has led to the discovery that both sacs were present, 
one being of very diminutive proportions. Huxley* describes the great 
development of these sacs in a Gorilla in the following terms : — " The 
larynx in its general characters resembles that of man and the Chimpan- 
zee ; connected with it in the adult Gorilla is a system of great cavities, 
developments of the two laryngeal sacculi, each of which is equally 
dilated, and produced into large caecal sacculated pouches, extending 
all over the sides of the neck in the interspaces between the muscles* 
from the rami of the lower jaw to the axillae. As age advances the sacs 
of the tivo sides coalesce in the middle line over the trachea, and form 
an elongated bag, the upper end of which fits into the hollow of the body 
of the hyoid bone. The use of this immense and complex apparatus " 
Prof. Huxley adds " is not known." 

The most extensive development of the laryngeal pouches is found in 
Duvemoy's description of the Gorilla.* In an adult male Gorilla a large 
median portion situated in the middle line of the neck was found, from 
which three pairs of lateral prolongations passed. Two superior ones, 
one on either side, passed upwards behind the angle of the lower jaw, 
passing back beneath the stemo-hyoid, the omo-hyoid and the sterno- 
mastoid muscles ; these superior branches^ of the median sac had the 
most direct communication with the ventricles of the larynx into which 
they opened, immediately between the hyoid bone and the thyroid cartil- 
age. These two superior branches also communicated each by a large 
aperture with the great median sac which descended anteriorly over the 
thorax and gave off a second and a third pair of lateral branches, with 
each of which its cavity freely communicated. The second pair (median) 

I Deniker and Boulart. '* Lee Sace Laryn^iene det Sinffee anthropoidee," Journal de rAaatomie et do 
la Physiologte, Paris, i886t p. 51. 

a Loc dU, \6L I. p. 538. 

3 M. Duvemoy, '* Dee caractbvs anatomiquee dee grmndB einges peeudo-anthropomorphee," Archives 
du Mueeuni d*Histoire Naturelle, Pane, 1855-56, pp. aoi, aoa, 003. 
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descended to meet the clavicle, lyin^ over its upper border as it passed 
outwards beneath the sterno-mastoid muscle to the upper part of the 
shoulder. The third (inferior) pair were by far the largest. They ap- 
peared to be derived as a bifurcation of the great median sac at its lower 
extremity. They extended downwards among the muscles of the anterior 
wall of the chest, each branch passing out laterally under the clavicular 
portion of the deltoid and downwards under the tendon of the great 
pectoral muscle and, whilst under this, insinuating itself between the two 
portions of the small pectoral muscle (superior and inferior) into which 
that muscle divided in the animal, passing even to the axilla, and lying 
there upon the lateral wall of the chest 

Huxley* in his description of the Orang states that the laryngeal 
saccules attain still more enormous dimensions in the adult than in the 
Gorilla; he describes them as constituting a great median bag covered 
by a strong layer of muscular fibres from the platysma and sending 
caecal prolongations backwards beneath the trapezius muscle as far as 
the occiput, beneath the scapula and into the axilla. The cavity com- 
municated by two distinct canals with the ventricles of the larynx. 
Huxley tells us that among the Gibbons there is only one species — the 
Siamang — in which a laryngeal pouch at all similar to that found in the 
other anthropoids exists. One finds a description of laryngeal sacs in the 
Chimpanzee by Gratiolet and Alix' in which the left pouch extended 
down between the sterno-mastoid muscles a centimetre beyond the 
upper margin of the sternum. Cunningham determined the relations 
of the laryngeal sac in a Chimpanzee and in an Orang by means of 
frozen sections. In the Chimpanzee it extended downwards* in front of 
the sternum to the lower border of the manubrium ; it stretched in an 
upward direction until it reached the hoilow posterior surface of the 
hyoid bone. In the Orang the laryngeal pouch, although it was pro- 
longed down to the top of the sternum, was not continued on to the 
anterior aspect of that bone. 

The occurrence of these sacs in the lower apes has been mentioned by 
Huxley, who found that among monkeys and baboons of the old world 
the sacs exist in many species ; they are not a development of the 
laryngeal ventricle in these animals, however, but grow out from the 
thyro-hyoid membrane, and have only a single aperture of communi- 

I Log. dt.* Vol. I, p^ 596. 

a Gratiolet aad Alix, " Recherches sur TAnatomie du Troglodytes Aubryi,'* Nouvellet archives du 
Museum d'Histoire Naturalle, Paris, Vol. II, 1866^ p. S3S. 

3 D. J. Cunningham, ** The Topographical Anatomy of the Chimpanzee, Orang-utan and Gihbon,** 
Cunningham Memoirs, Royal Irish Academy. 1886^ p. X38. 
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cation with the laryngeal cavity. In the apes of the new world some 
extraordinary variations occur in the development of these air sacs. In 
the spider monkey (Ateles) Huxley describes a single median sac which 
is developed at the back of the trachea, opening into the air passages 
between the upper ring and the cricoid cartilage. Then, again, in the 
howling monkey (Mycetes), according to the same authority, the hyoid 
and the laryngeal apparatus is exceedingly developed and modified. 
'' The body of the hyoid bone is expanded into a great rounded drum 
with thin osseous walls, the larger comua projecting backwards from it, 
though the lesser pair are quite obsolete. The thyroid cartilage is also 
exceedingly large, and the epiglottis undergoes an extraordinary 
development and changes in form. The cavity of the glottis presents 
several prolongations ; one long and narrow tube in front communicates 
with the chamber in the body of the hyoid bone, the two lateral sacculi 
are prolonged upwards on each side, and are only separated from each 
other above the larynx by a thin membranous septum, and in some 
species there is, in addition, a small inferior pair of sacs." * The howling^ 
monkey, as its name implies, is capable of uttering loud and discordant 
sounds, and no doubt the complicated apparatus just described has 
something to do with the production of these sounds. It is difficult to 
understand how the mechanism acts, and I am not aware that anyone 
has succeeded in solving the problem. 

I have thus given an account of the laryngeal sacs as they are 
found in the anthropoid apes and in apes lower in the scale. They are 
undoubtedly developed in connection with the laryngeal ventricles^ 
structures which are present in the human larynx. These ventricles — 
the " ventricles of Morgagni " — lie in the lateral walls of the larynx, one 
on each side. The ventricle may be described as a recess which exists 
between the false cords above and the true cords below; it there forms a 
diverticulum from the lateral wall of the larynx, presenting an elliptical 
opening, the length of which is a little shorter than the true cords. The 
ventricle is about 5 mm. in depth, and, in man, from the anterior part a 
secondary diverticulum proceeds, the so-called " laryngeal pouch" which 
extends upwards for about 12 mm. towards the upper border of the 
thyroid cartilage ; it is apparently this laryngeal pouch which assumes 
such enormous proportions in the Orang. According to Testut' this 
pouch is sometimes found considerably enlarged in man ; whilst it 
usually terminates at the upper border of the thyroid cartilage, it may 
proceed upwards as high as the hyoid bone, or even sufficiently high to 
appear under the mucous membrane of the base of the tongue. 

I Loc. cit. VoL 11, p. 1*3. 

9 L. Tettut '* Traits d*Anatomie humaine," Troinime ^tion, Paris, 1895, Vol. Ill, p. •S9» 
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The function served by the laryngeal sac, as I have said, is a problem 
not yet solved. Fick observed a slight bellowing of the sac in the Orang 
when the animal was howling, and he also noticed a slight blowing up 
of the sac in the second or expiratory act of yawning. In coughing, on 
the other hand, no effect was noticed upon the sac. Sandifort long ago 
suggested that the sac permitted the storing up of air which was brought 
into use in prolonging the loud roar of the animal, but, as Huxley 
pointed out, the position of the sac above and not below the vocal cords 
is inconsistent with this theory. 

The great length of the arms in the Orang is a striking feature in 
comparing the animal with man. The lower extremities in man exceed 
the upper in length ; the reverse is true of the Orang. The measurements 
in my orang were as follows : 

Upper extremity 46 cm. 

Lower extremity 24 cm. 

The measurements were taken in the case of the upper extremity 
from the tip of the shoulder to the end of the middle finger, and in the 
lower extremity from the perineum to the heel, thus following, for the 
sake of comparison, the method adopted by Fick. We find, therefore, 
that the upper extremity measured 80.7 per cent, of the total length of 
the body, whilst the lower extremity measured 42.1 per cent, of the 
height The following table will give the percentages in a comprehen- 
sive manner, the figures indicating percentages of the total length of 
the body from the head to the heel : 

Upper Lower 

Extremity. Extremity. 

The present specimen of the Orang 80.7% 42-1% 



Fick'9 



,r Orang ••Jumbo" 7S.a% 38-3% 

lOrang ••Anton" 73-6% 37-9% 



Man 45 % 475% 

Pick's measurements were taken from adult animals, whilst my Orang 
was quite young. 

The remarkable elongation of the upper extremities in proportion to 
the body length is not characteristic of the Orang only, but of all the 
anthropoid apes. In the Gibbon this feature is even more marked than 
in the Orang or than in all other apes. It is interesting to note in this 
connection that the arms of negroes are proportionately longer than in the 
white races, this being, however, chiefly due to the increased length of 
the hand and forearm. Huxley tells us that the native Australians and 
other low races resemble the negro in this respect. One must note also 
that in this peculiarity anthropoid apes differ in a marked degree from 



14 PRIMR06K : THE ANATOMY OP THE ORANG OUTANG 

the lower apes. Thus, in the lower apes, with very few exceptions, one 
finds that the lower extremities exceed in length the upper. In the 
Lemurs the hind limbs exceed the fore limbs to a very marked degree. 

The hind limbs of the Orang are always bent ; it is impossible to 
straighten them completely. This is mainly due to the arrangement of 
the muscles at the hip and the knee. On the other hand, the fore limbs 
may be straightened out perfectly. I leave for consideration in 
another part of this paper the question as to whether the Orang is four 
handed or not, but in the meantime I shall speak of the " hand " of 
the fore limb, and the " foot " of the hind limb. The hand of the Orang 
is very much longer and narrower than the human hand. This is largely 
due to the great elongation of the metacarpal bones, but, in addition, the 
phalanges too are proportionately longer than they are in man. Fick 
states that the Orang grasps things by preference with the right hand, 
and that in all other manipulations they are decidedly right handed, as 
is common in most apes. The thumb is very short and rudimentary; it 
does not project as far as the head of the metacarpal bone of the index 
finger, and the ball of the thumb can hardly be said to exist Much 
more remarkable, however, is the foot of the Orang. Like the hand, it is 
very long and narrow, but it has a well developed opposable hallux and 
is evidently modified as a grasping organ. The four outer toes are 
greatly elongated and remain separate, so that they resemble the fingers 
of a hand rather than the toes of a foot It would appear that the Orang 
never stands erect without some support from the arms. Thus it may 
stand upright whilst it supports itself by grasping the limb of a tree 
overhead, or it may rest the fore limbs on the ground. Mayer^ and 
others have observed that whilst resting on the fore limbs the Orang, 
like other quadrumana, does not place the palm of the hand on the 
ground when walking, but rests upon the outer margin and the back of 
the wrist and fingers. Whilst standing the foot is supinated and the 
toes bent, the foot resting upon its outer margin. This differs from the 
Gorilla, which is able to stand erect without the support of the arms, and 
is capable also of bringing the sole of the foot to the ground. 

The lines upon the integument of the palm of the hand and of the sole 
of the foot in the Orang may be compared with the markings which 
exist upon the integument of the human sole and palm. If the palm of 
the hand in man be examined (see photograph) one may readily observe 
that the markings upon the palmar aspect of the fingers themselves are 



X Mayer. . • ** Zur Anatouite det Ormnff-Utanff und det Chim|ianM." Archii|fUr Naturgeachichte, 
Berlin, 1856, p. aSs. 




From a photograph of the palm of the hand of an adult man^ shozving the markings 
on the palm of the human hand. 




From a photograph of the palm of the hand of the Ora/ii; Otitan^^ shoivint^ the marknti^s 
on the integument of the palm. 
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obviously associated with the flexion or bending of the digits, the grooves 
existing opposite the joints at which the movement in question takes 
place. These grooves are converted into deep clefts when the fingers 
are fully bent. In the palm proper, similar markings on the skin are 
observed. Two very noticeable ones run almost parallel to one another 
from near the base of the index finger inwards towards the inner border 
of the palm. These grooves are about i cm. distant from each other- 
They do not run transversely across the palm, but their course is very 
oblique, the inner extremity of each line being much nearer the wrist 
than the outer extremity. These markings are associated with the flexion 
of the fingers upon the palm, and are converted into deep fissures when 
the fingers are folded in upon the palm. Certain markings run in a more 
longitudinal direction. These b^in near the wrist One is clearly 
associated with the movements of the thumb towards the palm ; it 
curves forwards from the mid-point of the wrist, around the base of the 
ball of the thumb, to terminate on the outer border of the palm, some- 
times joining the nearer of the two oblique lines already described. 
This curved line is converted into a cleft when the thumb is opposed to 
the palm or to the other digits ; it is therefore clearly associated with 
the movement of opposition of the thumb to the palm or the other 
digits. Other longitudinal markings are associated with the adduction 
or abduction of the fingers. Occasionally the ball of the little finger is 
also marked off by a more or less distinct curved line. 

Now, if we compare the foregoing with the markings which are observ- 
able in the photograph of the palm of the hand of our Orang (see reproduc- 
tion of photograph) we find a corresponding series of markings. We 
notice, however, that the ball of the very rudimentary thumb in the Orang 
is not developed to anything like the proportions attained in man. The 
curved line at the base of the thenar eminence is present, but what is 
more marked is the cleft which indicates adduction of the thumb rather 
than opposition. Then one observes a very marked difference in the 
markings running across the palm. These are remarkable in being 
transverse rather than oblique in direction. We observe also certain 
less clearly marked longitudinal lines associated with adduction and 
abduction of the fingers. Let us now consider the significance of the 
difference in the markings in the human hand compared with those of 
the Orang. Professor Goodsir, of Edinburgh, long ago^ well indicated 
a distinctive diffierence between the hand of man and that of the ape 
when he stated that the hand of man could grasp a sphere whilst the 
hand of the ape could grasp a cylinder. 

X " Goodsir't Anatomical Memoirs." Edited by Prof. Wm. Turner, Edinburgh, 1868, Vol. I, p. 339. 
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Clearly the oblique grooves in man indicate that the fingers are not 
bent in a perfectly straight direction into the palm, but are directed 
somewhat obliquely towards the thumb, hence the line associated with 
that movement of flexion is oblique, in other words it is at right angles 
to the line of movement — the fingers are opposed to the thumb. In the 
Orang, on the other hand, the fingers are flexed directly into the palm, 
and the animal is thus better able to grasp a cylindrical object, such as 
the branch of a tree, whilst it is not so well adapted to grasp a sphere, 
as the hand of man. The development of the ball of the thumb in man 
is due to the presence of a well-developed group of muscles which have 
to do with adduction and opposition of the thumb. These muscles are 
by no means so well developed in the hand of the Orang. It must be 
noted, however, that the groove of opposition is present in the Orang, 
and that the feeble thumb can be opposed. In the Orang, too, there is 
a marking ofl* of the ball of the little finger ; this is sometimes, but not 
always, present in the hand of man. 

One would readily suppose that the lines in the palm of the hand were 
produced after birth when the muscles of the hand had brought about the 
various movements, but such is not the case. Professor Sir William 
Turner^ makes an interesting observation regarding this when he says : 
"These grooves are present in the infant's hands at the time of birth ; and 
I have seen them in an embryo, the spine and head of which were not more 
than 90 mm. (three and a-half inches) long. They appear in the palm 
months before the infant can put its hand to any use ; though it is pos- 
sible that the muscles of the thumb and fingers do, even in the embryo, 
exercise some degree of action, especially in the direction of flexion. 
These grooves are not, therefore, acquired after birth. It is a question 
how far the intra-uterine purposeless movements of the digits are suffi- 
cient to produce them ; but even, should this be the case, it is clear that 
they are to be regarded as hereditary characters transmitted from one 
generation of human beings to another. They are correlated with the 
movements of the digits, which give the functional power and range of 
movement to the hand of man." 

It may be remarked here that the grooves on the palm differ some- 
what in the different anthropoid apes ; thus Hepburn' shows that the 
lines across the palm in the Gorilla are decidedly oblique, and the hand 

I W. Turner, "Some Distinctive Characters of Human Structure," Report of the British Aseociatioo 
for the Advancement of Science, 1897, p. 768. 

a David Hepburn, ** The Intesrumentary Grooves on the Palm oi the Hand and the Sole of the Foot 
of Man and the Anthropoid Apes," Joum. of Anat and Phys.. VoU XXVII, 189*^3, p^ iia. 
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of the Gorilla in this respect more closely resembles the hand of man 
than does the hand of the Orang. 

The great length and narrowness of the hand has been referred to ; it 
is quite obvious, however, that the fingers of the Orang are disproportion- 
ately short as compared with the greatly elongated palm. The cause of 
this is demonstrated by Langer^ in his dissection of an interdigital 
membrane which spreads out over the upper fourth of the proximal 
phalanx of the four inner digits. This membrane is not present in man^ 
and in the Orang, therefore, more of the proximal phalanx is sunken 
into the palm than is the case in man. The result is that the fingers of 
the Orang appear proportionately short. Another effect will be observed 
by reference to the photographs here reproduced, namely, that the integ- 
umentary grooves are further separated from the interdigital clefts in 
the Orang than they are in man. 

Dr. Blake,* in his observations on the study of the hand for indica- 
tions of disease, has noted the remarks made by Dr. Harry Campbell 
regarding the curious resemblance between the acquired bone and 
skin changes in the acromegalous subject, and the condition normal 
in the hand of the Gorilla. It would appear that many of the mor- 
bid changes in this disease bring about conditions of the character 
referred to, and Blake would view such as examples apparently of 
reversion to a primitive arboreal type. Whilst I am not prepared to 
seriously entertain this idea, there is no doubt of the fact, at all events^ 
that in this disease the hand of man comes to present a curiously close 
resemblance, in appearance, to the hand of the Gorilla. 

Turning now our attention to the markings in the sole of the foot, 
we find that in the human foot these are largely obliterated after the 
individual has walked about, and pressure has been brought to bear 
upon the sole, the skin becoming ,as a result thick and indurated. 
Some interesting observations on these integumentary markings, as they 
appear in the foot of the infant, have been made by Dr. Louis 
Robinson* in the '* Nineteenth Century." He looks upon the markings 
on the infant's foot as giving some evidence of the evolution of the 
human foot from a structure which at one time was able to grasp an 
object after the manner of the human hand or the foot of an anthropoid 
ape. Robinson states that these lines are scarcely visible at fourteen 
months and are only present in a few cases after two years of age, 

I Loc. cit.» pp. i8a and 185. 

a Bdward BUke, M.D.. '*On the Study of the Hand for Indications of Local and General DieeaM," 
London, 1889, p. 36^ 

3 Louts RobinKm, M.D., ** The Meaning of a Baby's Footprint." The Nineteenth Century, Vol. 
XXXI, 1899, p. 995. 
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whilst in the adult they disappear. I have, however, photc^raphed the sole 
of a child's foot aged nine years (see reproduction of photograph), and find 
well marked all the lines described and figured by Robinson in the foot of 
the infant. I shall proceed to describe these lines and to enquire into 
their significance. In the child of nine years one is able to distinguish 
the lines which correspond to the oblique lines across the palm. In 
comparing the foot with the hand, however, one must bear in mind that 
the great toe (unlike the thumb) is parallel in position to the other 
digits, and that its metatarsal bone is closely united to the other digits 
by an extension of the transverse metatarsal ligament, whilst in the hand 
there is no such connection of the metacarpal bone of the thumb to the 
index finger. The hallux is therefore not free to move about in the 
manner characteristic of the thumb. Moreover the hallux cannot be 
opposed to the sole or to the other digits, and if we examine the muscula- 
ture in man we find there is no opponens hallucis. On examining the 
markings in the sole of the foot of the child (see photc^raph) we find a 
line strongly curved starting at the inner border of the foot at the base of 
the first digit, and passing outwards and forwards to terminate immedi- 
ately external to the cleft between the first and second digits, its point 
of termination separated 1.5 cm. from that clefl. This line marks off 
what is commonly called the ball of the great toe, but observe that the 
so-called ball of the great toe does not correspond with the ball of the 
thumb, in that the soft structures forming the ball of the great toe are 
related to the plantar aspect of the proximal phalanx of that digit ; 
whilst the ball of the thumb is formed by structures related to the 
palmar aspect of its metacarpal bone. This curved marking in the sole 
is therefore opposite the metatarso-phalangeal joint, and corresponds to 
the marking on the palmar aspect of the thumb opposite the metacarpo- 
phalangeal joint of that digit, and not to the curved marking at the 
base of the thenar eminence. This curved line in the sole therefore is 
produced by flexion of the hallux at the metatarso-phalangeal joint 
If we look for any marking in the sole produced by opposition or 
adduction of the great toe in man we look in vain. There is no such 
marking, and therefore the characteristic mark found in the palm 
bounding the thenar eminence is wanting in the sole. We find, how- 
ever, a curved line across the sole beginning at the base of the second 
digit and running at first somewhat longitudinally for a short distance 
and then curving outwards to end at the outer border of the foot. This 
curved line is often interrupted in the sole, but can always be readily 
distinguished. It is frequently spoken of as limiting the ball of the 
little toe, but it too is opposite the metatarso-phalangeal joint and is 
therefore merely an indication of the flexion of the smaller toes at that 




From a photograph of the sole of the foot of a girl nine years of age^ showing the 
markings on the sole of the human foot. 




From a photograph of the sole of the foot of the Orang Oittangy showing the markings 
on the integument of the sole. 
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point It frequently joins the curve described at the base of the great 
toe. The great obliquity of this groove in the human foot is due not 
to the fact that the toes flex towards the great toe (compare the de- 
scription of the hand) but to the fact that the metatarsal bones of the 
toes become progressively shorter as we proceed to the fifth digit, the 
groove in question lying over the heads of the metatarsal bones. 

Let us now compare the foot of the Orang with that of man. The 
markings in the sole of the foot in the Orang are more distinct than in 
man because the animal does not obliterate them in walking, during 
which the outer margin of the foot alone comes to the ground ; the outer 
margin is in consequence smoother than the remaining portion of the sole. 
We are at once struck by the great length of the four outer toes, they 
are long, and are separated from one another so as to resemble fingers 
rather than toes. The great toe in the Orang's foot, however, presents 
a remarkable difference from the hallux in man. Thus in the Orang 
it is very much shorter than the other toes, and its long axis forms 
a marked angle with the long axis of the remaining part of the foot 
It is capable in fact of being placed at right angles to the long axis of 
the sole. The metatarsal bone of the great toe is not connected by a 
transverse metatarsal ligament to the second digit, and in this respect 
also differs from the human foot The ball of the great toe in the Orang 
(as observed in the photograph) is marked off by a well marked groove, 
but this groove is not opposite the metatarso-phalangeal joint but opposite 
the tarso-metatarsal joint and marks off the mass of muscular tissue which 
lies in relation to the plantar aspect of the metatarsal bone. In other 
words the line is associated with adduction and opposition, and in this 
respect entirely corresponds to the line described in connection with 
that movement in the human hand or in the hand of the Orang itself. 
The lines running across the sole at the bases of the other digits are 
oblique and very similar in their position and characteristics to those 
observed in the palm of the hand. The obliquity here may partly be 
accounted for by the gradual diminution in length of the digits as we 
proceed from the second to the fifth digits, but is also accounted for 
by the fact that the Orang flexes its toes not directly into the sole, but 
somewhat towards the hallux, the mark being at right angles to the 
line of movement in flexion. The lines corresponding to the flexion of 
the digits themselves are well marked opposite the metatarso-phalangeal 
and the interphalangeal joints. Note that in the Orang the line 
indicating flexion of the hallux at the metatarso-phalangeal joint is 
well marked, but is separated from the sole proper and lies upon the 
plantar aspect of the hallux itself, differing thus in its position and 
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relation to the sole as compared with the condition on the human foot 
but nevertheless corresponding to the curved line at the base of the 
so-called ball of the great toe in man. A few longitudinal grooves are 
observable on the sole of the Orang ; these are due to adduction of the 
digits towards one another. 

It will thus be observed that in studying the foot of the Orang it 
bears more resemblance to a hand than a foot In fact as an instrument 
for grasping objects it is much more serviceable than the hand of the 
same animal. The hallux is more strongly developed than the pollex, 
and the movements of opposition and adduction are much more 
strongly carried out by the foot than by the hand. The Orang could 
grasp a sphere with the foot much more readily than with the hand. If, 
therefore, we were to restrict our considerations to the markings in the 
integument, as indicating the use to which the member is put, we might 
be led to conclude that the posterior extremity of the ape ended in a 
hand and not in a foot. On the other hand, as we shall observe later, 
when we proceed to deRcribe the dissection of the creature we shall be 
forced to admit that morphologically the structure in question is a foot 
and in no sense a hand. We shall take an opportunity of referring 
again to this subject after the anatomy of the soft parts has been 
described. 

Concerning the manner in which the Orang uses its hands and feet 
in progression one may quote Huxley's remarks. He says : " it very 
unwillingly assumes the erect posture, perhaps never in its native 
haunts. When it walks upon the ground it swings itself along by its 
very long arms as with crutches, not resting exactly on the knuckles, 
as the great African apes, but with the inner edge of the index finger 
on the ground and the thumb spread out. The hind foot does not 
come flat to the ground, but rests upon its outer edge with the toes 
close together and curved. Even when passing from bough to bough 
of the trees among which its life is chiefly spent, it observes a remark- 
able slowness and caution in its movements."' 

The Myology of the Extremities. 

The Trapezius arose from all the dorsal spines, from the ligamentum 
nuchae and, by an origin 2 cm. wide from the occipital bone. It was 
inserted into the outer third of the clavicle, the acromion process and 

I Loc. dt. Vol. I. p. 564. 

a My colleague, R. D. Rudolf. M.D., Ediiu. disMctad the right aide of the Oraoir. and noted in detail the 
eonnectiont and relations of the muades of the fore and the hind limba. I have noted througrhout my paper 
those points in which Dr. Rudolfs account diflfered from the results obtained by me in the dissection of the 
left side of the animal. 
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the spine of the scapula A branch of the spinal accessory nerve was 
traced to the muscle. The shortness of the fibres of the trapezius 
muscle in that part of it which extended from the spine of the scapula 
to the occiput, and also of the fibres of the levator anguli scapulae, has 
already been noted as accounting to some extent for the shortness of 
the neck in the Orang. 

The Latissimus dorsi arose from the spines of the lower four dorsal 
vertebrae and the supra-spinous ligament, also from the lumbar apon- 
eurosis and from the iliac crest extending as far forwards as the anterior 
superior iliac spinous process. There was thus no " triangle of Petit" as 
the latissimus dorsi overlapped the external oblique muscle of the abdom- 
inal wall at its insertion into the iliac crest. The muscle was inserted into 
the humerus in front of the teres major, but at a somewhat higher level 
than that muscle. From the latissimus dorsi, near its insertion, there 
arose from its tendon a strap-like muscle band (1.5 cm. wide), which pro- 
ceeded down the arm to be inserted into the fascia attached to the 
internal condyle and the supra-condyloid ridge of the humerus. This 
has been called by Bischoff the Latissimo-condyloideus, Another 
muscular slip derived from the latissimus dorsi passes on a plane 
posterior to the main part of the muscle, and also behind the slip passing 
to the internal condyle, to be inserted along with the lower part of the 
teres major muscle into the humerus. This slip to the teres major 
muscle was found by Hepburn* in both the Chimpanzee and the Orang- 
The latissimo-condyloideus or Dorso-epitrochlearis, as it has been 
designated by some authors, occurs in all apes, not only in anthropoid 
apes, but in all apes lower in the scale. It is therefore a characteristic 
muscle of the ape and is always present in these creatures, whilst in 
man it is absent, or only occurs occasionally in a very rudimentary form. 
Thus in man one finds that a muscular slip is occasionally given off from 
the latissimus dorsi and passes downwards to the long head of the 
triceps, to the fascia, or to the internal intermuscular septum of the arm 
(Quain*); this, it is claimed, corresponds to the latissimo-condyloideus 
of the ape. 

The Rhamboideus muscle in the Orang formed a continuous sheet 
arising from the dorsal spine as low as the sixth vertebra, and from the 
ligamentum nuchae, also receiving a very definite slip of origin from the 
occipital bone — the occipital attachment was 2.5 cm. wide. This occi- 
pital portion, although showing a continuous line of origin with the part 

I David Hepburn, '* The ComparatiTe Anatomy of the Mutdes and Nerves of die Superior and In- 
ferior Extreipitieii of the Anthropoid Apes," Joum. of Anat. and Phys.. VoL XXVI, 1899. p. 159. 
a " Quaan's Elements of Anatomy," edited by SchMfer and Thane, Vol. II, part a, 189a, p. 905, 
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arising in the middle line of the back, was somewhat separated from the 
latter by a narrow interval, which is indicated in the drawing (plate III, 
fig. I, rham). The two portions, occipital and spinal, united to form a con> 
tinuous insertion into the whole of the vertebral border of the scapula, 
the upper part lying on the dorsal aspect of the levator anguli scapulae 
where the latter muscle was inserted into the scapula. The occipital 
origin is not constant in the Orang, as Fick^ found that in his specimen 
the muscle did not arise higher than in man. On the other hand, 
Bischoff, Owen and others have described an occipital origin in the 
Orang, and it apf>ears to occur also in the lower apes. Macalister failed 
to find it in a young female Gorilla dissected by him. There was no 
occipital attachment described by Duvemoy in the Gorilla.* In man 
one finds that the occipital attachment occurs as an occasional variety. 

The Levator anguli scapula (plate III, fig. I, La^,), arose by three slips 
from the transverse processes of the upper three cervical vertebrae, and 
was inserted into the upper angle of the scapula and into its vertebral 
border, lying there in the deep aspect of the rhomboid muscle. At its 
insertion it was closely incorporated with the serratus ms^nus muscle. 
In an Orang dissected by Fick* the origin of the muscle extended 
as low down as the transverse process of the seventh cervical vertebra. 

The Serratus Magnus arose by eleven digitations from the upper 
eleven ribs, taking its origin from the anterior extremities of the osseous 
ribs, and in its lower portion interdigitating with the external oblique 
muscle of the abdomen. It passed backwards to be inserted into the 
whole of the vertebral border of the scapula, blending there with the 
levator anguli scapulae as already described. 

The two muscles last described are closely related to one another ; 
it will be observed that when the levator anguli scapulae arises from the 
complete series of cervical vertebrae (as in Pick's Orang), the muscle 
becomes necessarily almost continuous at its origin with the serratus 
magnus, and as we have already observed they are united at their 
insertion. Thus an almost continuous sheet of muscle is formed. In 
man the muscles are wholly separate, the one in the neck and the other 
in the thorax. These observations led BischofP to conclude that in the 

I Loc. csU, p. 19. 
s Loc. cit., p. 76. 

3 Rudolf Pick. a. ** BeoKachtuogren an einem zwdtea erwacbteiMn Oraoir-UtAnir uod amem Schim- 
panten." Archiv fUr Anat. und Phys.. Anat. Abt, 1895. p. 997. 

4 BiachoflP. *' Beitritge zur anatomie dea Hylobataa leuciaua und cu einer vergrleichenden Aaatomie 
der Muakeln der Affen und dea Menachen.*' Abhandl. der nuith.-phya. Claaae der kOni^. bayer. Akad. 
der Wiaaenacbaften, Vol. X. 1870, p, ao?. 
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ape we had definite proof that the two muscles belong to one another 
and form one single great muscle going from the ribs in the chest and 
from the cervical vertebra in the neck to be inserted into the whole 
length of the vertebral border of the scapula. Bischoff states that in 
Macacus and other lower apes, this continuity of the two muscles is even 
more complete than in anthropoids ; in these a bundle arises from the 
first rib, which unites immediately with that arising from the seventh 
cervical vertebra, whilst in anthropoids a space exists between the two 
portions as a rule. One must remember, however, that the extensive 
origin described from the cervical vertebrae does not always exist in the 
Orang, as in my specimen there were only three slips of origin from the 
three upper cervical vertebrae. Hepburn* describes four slips in the 
Orang dissected by him. In man there occasionally occurs partial union 
between the two muscles in question (Quain), whilst the origin of the 
levator may be extensive, receiving aponeurotic fibres even from the first 
and second ribs (Testut). 

It would therefore appear that, as a rule, the two muscles are distinct 
in man ; they are continuous in the lower apes, and the higher (anthro- 
poid) apes occupy an intermediate position where there is a partial con- 
tinuity. 

The OmO'Cervicalis (plate III, fig. I, m,o\ is an interesting muscle which 
Bischoff asserts is not found in man,' at all events of similar character 
to that occurring in apes. It arose in my Orang from the anterior aspect 
of the arch of the atlas vertebra and from its transverse process ; it was 
inserted into the clavicle on its posterior aspect at the junction of the 
middle and outer thirds of the bone, the attachment to the clavicle being 
1.5 cm. wide. The muscle has been described in the anthropoid apes 
and in the lower apes by Huxley,* whilst in the various anthropoids it 
has been found by Cuvier,* Vrolik,* Owen," Chapman,' Macalister,* 
and others. Its attachment to the shoulder girdle varies in apes and 

I L4M:. dL, p. 153. 
% Loc dt., p. M7. 

3 Loc. dt., Vol. I. pp. 438, 4^6, 508. 5<)6, 647. and Vol. II, p. 40. 

4 Georges Cuvier, ** AnAtomie comparte ; recudl de planches de myologle,'* Paris, 1849. 

5 Loc. dt., p. x8. 

6 R. Owen. ** Myology of Simla Satyrus,*' Proceedings of the Zoological Society of London. Part 
I, 1830-31. p. S9. 

7 H. C. Chapman, ** On the Structure of the Orang-Outang.'* Proceedings of the Academy of Natural 
Sdence of Philadelphia, 1880, p. 161. 

8 Alex. Macalister. ** The Muscular Anatomy of the Gorilla," Proceedings of the Royal Irish 
Academy, Sr. s. Vol. I, 1870-74, p. 501. 
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hence BischofT suggested the name of " omo-cervicalis " and abandoned 
the old names of " cleido-cervicalis " and " acromio-trachealis " which 
had been applied to it Tyson called it ** levator claviculae." Biscboff 
asserts that in all four anthropoids it always arises from the clavicle, 
whilst in Cynocephalus it has been found arising from the acromion 
process and in Macacus from the spine of the scapula. Deniker* de- 
monstrated the muscle in a foetal Gorilla of the fifth or sixth month of 
gestation, and in a foetal Gibbon of the seventh or eighth month ; in both 
instances passing from the atlas vertebra to the clavicle. It would 
appear that the atlantal attachment of this muscle is very constant in 
anthropoid apes, although Champneys* described the dissection of a 
Chimpanzee in which the muscle arose " from the occipital bone 
in a line with the occipital condyles and was inserted into the 
acromial or external half of the clavicle anterior to the insertion 
of the trapezius." Huxley states that in man' a separate muscle 
has been seen to pass from the mastoid process to the extremity 
of the acromion, detached from the trapezius, and representing, to a 
certain extent, in man the trachelo-acromial. Testut* mentions a 
muscle described by Gruber under the name of " trachelo-clavicularis 
imus" arising from the transverse process of the sixth cervical vertebra, 
and inserted into the clavicle. This Testut considers a variety of the 
omo-cervicalis. In Quain's Anatomy* is mentioned a detached bundle 
of the levator anguli scapulae passing from the transverse process of the 
upper one or two cervical transverse processes to the outer end of the 
clavicle ; this would apparently represent a true omo-cervicalis in man. 

We may conclude, therefore, that the muscle in question is found in- 
variably in the ape, whilst in man it occurs as a very rare variety. 

The OmO'hyoid muscle was present and possessed similar attach- 
ments and relations to those in man. The supra-scapular artery and 
nerve passed over the superior border of the scapula anterior to the omo- 
hyoid insertion. There was no indication of a transverse ligament 
which exists over the supra-scapular notch in man. In FickV 
Orang the omo-hyoid was weak and there was no intermediate tendon. 

I J. Denilusr, ** Recherchea anaiomiquea et embryoloflriques sur lea sioirea antfaropoVdes jeunes et 
adultes,** Archives de Zoologie exp^rimenule, Sr. a, Vol. Ill, 18S5. pp. 135. 131. 

a F. Champneya, ** On the Muaclea aad Nervea of the Chimpanzee (Troglodytea niflrer) and a 
Cynocephalua anubia," Journ. of Anat. and Phya., Vol. VI, 187a. 

3 Loc cit.. Vol. I, pp. 4a8, 456. 

4 Loc dt., VoL I, Part a, p. 697. 

5 Loc. cit.. Vol. II. Part a, p. ao8. 

6 Loc. dt. I, p. ts. 
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Bischoff* also remarks upon the fact that the intermediate tendon 
often fails to develop in the ape; in BischofFs Oranp^, however, the whole 
muscle failed. This authority also refers to an Orang dissected by Alix 
in which the omo-hyoid arose from the clavicle as well as from the 
scapula ; this variation in the Orang is of interest, because a similar 
variation sometimes occurs in man. The total absence of the omo- 
hyoid is not rare in man; of this Testut* has recorded nine cases. Again 
the absence of either the anterior or posterior belly may occur, and the 
bony attachment more particularly of its posterior belly is subject to great 
variation in man. Gegenbaur,' after a critical study of the varieties 
of the omo-hyoid as it occurs in man, and the conditions of its develop- 
ment met with in the lower animals, concludes that it belongs to a 
muscle group including in man the sterno-hyoid and sterno-thyroid 
muscles. These muscles in some animals (reptiles) form a continuous 
attachment from the sternum, along the clavicle to the scapula. 
Referring the omo-hyoid to such a group of muscles we can readily 
explain the occurrence of the intermediate tendon and the variation in 
the bony attachments, sometimes to the clavicle, sometimes to the 
scapula, or it may be to both bones. 

The Stemo-mastoid had an extensive origin from the mastoid process 
and the occipital bone, and was inserted by two heads, one into the 
manubrium stemi on its anterior aspect, and the other into the inner 
fourth of the clavicle. Cuvier* figures the stemo-mastoid in the Orang 
as two very distinct muscles, the clavicular portion arising from the 
skull below the sternal portion and proceeding to its insertion into the 
clavicle. In the Gorilla it is usually in two distinct portions, as indeed 
it is also in the other anthropoids. The two portions of the sterno- 
mastoid in man are separated from one another by a varying interval 
at their insertion. 

The Pectoralis majors consisted of three very distinct portions : — (i) 
Pars costo-abdominalis (plate IV, fig. 2, p.m. /), which arose from the 
osseous part of the fifth rib near its sternal extremity, and by an origin 
4 cm. wide from the aponeurosis of the external oblique muscle of 
the abdomen. The fibres passed very obliquely upwards and outwards 
and lay on a plane posterior to the other two portions of the muscle. 
The insertion was into the strong fascia over the biceps tendon, and 

I Loc. dt., I. p. ao5. 

a Loc dt.. Vol I, Pt a, p. 677. 

3 C. G«8renbaar, *' Ueber den Musculuii OmohyoVdeus und seine SchlUeselbetnverbtndun^.*' Morpholo- 
gisdiet Jahrbudi, Vol. I, 1876, p. 364. 

4 Loc. dc. plate 15. 
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extended up to the greater tuberosity of the humerus and the capsuie 
of the joint — the insertion extended further up on the humerus than the 
other two portions of the muscle. (2) Pars sUmo-costalis (plate IV 
fig. 2, p.m. 2), arose from the cartilages of the third, fourth, fifth and sixth 
ribs, and from the adjacent portion of the anterior aspect of the stemuia 
It was inserted by means of the strong fascia over the biceps tendon intc 
the humerus. The fibres of this portion of the muscle passed almost 
horizontally from origin to insertion. It lay intermediate in position 
between the pars costo-abdominalis and the pars stemalis. (3) The 
Pars stemalis (plate IV, fig. 2, p.m. j), arose from the anterior surface of 
the manubrium stemi near its upper mai^n. There was no attachment to 
the clavicle. The fibres passed very obliquely from above downwards 
and outwards in front of the other portions of the muscle. The muscle 
was inserted into the humerus on the anterior aspect of the bone in 
front of the biceps by an insertion 2 cm. wide, extending further 
down on the bone than the other portions of the muscle. The three 
portions of the pectoralis major were very definitely separated fnxn 
one another, the intervals being filled in by a large amount of fat 

The other three anthropoid apes, according to BischofT, possess a 
fourth division of the pectoralis major, viz., a " pars clavicularis '* arising 
from the sternal end of the clavicle, whilst in an Orang dissected by 
Bischoff * the clavicular portion was, as in my specimen, absent On 
the other hand Kick* describes a clavicular portion in both Orangs 
dissected by him, and BischoflP found in a second Orang examined by 
him, a portion of the pectoralis major arising from the ligaments of the 
stemo-clavicular joint. Chapman and Owen both failed to find a 
clavicular portion in the Orang. BischoflT, it may be added, is authorit}* 
for the statement that the pars clavicularis fails in the lower apes. 

It would therefore appear that the pectoralis major muscle is com- 
posed of four portions ; this fact is recognized by Testut in describing 
the muscle in man as consisting of: ist, portion claviculaire ; 2nd, por- 
tion sternale ; 3rd, portion abdominale ; 4th, portion chondro-costale. 
The clavicular portion, which is, as a rule, well developed in man, is 

I Loc. dt., I. p, ao8. 

a Loc dt., I, p. 15 and a p. 898. 

3 Biadioff, *'Bdtrfl|re xur Anatomte dea Gorilla," Abhand. der math.-phynk. Claaae der kOnig. 
bayer. Akad. der Wiaaenachaften, VoL XIII. Abth. 3. MUnchen. 1880. p. 9. 
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6 Loc dt.* Vol. I, pt. a, p. yaa. 
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present only occasionally in the Orang, and is absent in the lower apes. 
On the other hand, the Gorilla, Chimpanzee, and Gibbon resemble man 
in the well-developed clavicular portion of this muscle ; in the Gorilla, 
in fact it is more strikingly developed than in man. One notices in 
man considerable variation in the width of the interval separating the 
clavicular portion of the muscle from the remaining part ; according to 
Testut this may be several centimetres. One is inclined to believe that 
the portion in the Orang which I have described as the " pars stem- 
alis " in reality corresponds to the " pars clavicularis" of man (see plate 
IV, Fig 2,/.i«. j). My reason for coming to this conclusion is that we 
have in the anterior part of the " pars stemo-costalis " in my Orang a 
portion corresponding to the " pars sternalis " of man, whilst the wide 
interval existing in my Orang between the middle and upper portions 
of the muscle would correspond to the varying interval observed in man 
between the sternal and clavicular portions of the muscle. It would 
appear, therefore, that the upper portion of the great pectoral has gra- 
dually extended its width of attachment, and has also travelled out. 
wards. At first purely sternal (as in the lower apes) then having a 
varying degree of clavicular attachment. In the case of BischofPs 
Orang, quoted above, the attachment was intermediate in position, 
namely to the sterno-clavicular joint. One may note that in man the 
muscle may extend along the clavicle and become incorporated with 
the deltoid or, on the other hand, in rare cases, the clavicular portion 
may be absent (Quain). In my Orang a large triangular interval 
existed between the anterior border of the deltoid and the superior 
border of the pectoralis major and the clavicle ; this space was crossed 
by the pectoralis minor. 

In connection with the pectoralis major in man, various anomalous 
muscles have been described. In a female subject Bryce^ has recently 
reported the following anomalous development of the pectoral sheet 
The upper part of the pectoralis major muscle was ill-developed, being 
represented by a narrow band resembling in fact, very much, the pars 
sternalis which I have described in my Orang. He found present also 
a " stemo-clavicularis " which arose from the side of the manubrium 
stemi and the second costal cartilage, and was inserted into the clavicle 
along the inner two-thirds of the bone. A "sternalis" attached partly to 
the second cartilage and the tendon of the sterno-clavicularis above, and 
below to the aponeurosis of the external oblique opposite the seventh 
cartilage, and a "chondro-epitrochlearis" which arose from the outer end 

I T. H. Bryce, ** Note on a Group of Varieties of the Pectoral Sheet of Musde." Joum. of Anat. 
and Phys.. Vol. XXXFV. 1899, P- 75- 
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of the sixth costal cartilap^e running under the lower border of the pcc- 
toralis major, it passed down the arm and was inserted into the intermuf- 
cular septum two inches above the internal condyle. 

The Pectoralis minor {^\dX<^ IV, fig, 2,/. min), arose from the bone of the 
fourth rib by an origin 2 cm. wide, immediately external to the cartilage 
and from the bone and cartilage of the third rib by an origin of similar 
width. The muscle was inserted into the superior and inner part of th? 
coracoid process of the scapula. Certain fibres of the tendon ci 
insertion were carried on beyond the coracoid and were definitely traced 
as two ligamentous structures which diverged from one another, one of 
which was attached to the outer end of the clavicle, and the other int: 
the acromion process of the scapula (see plate IV, fig. 2, and fig. 3, Itg. i. 
lig, 2\ the insertion here described has not hitherto been demonstratec 
and it would appear to be an observation of some interest Duvemoy 
states that in the Chimpanzee the pectoralis minor became attached tc 
the coraco-clavicular ligament ; again whilst I found no description of 
an acromial attachment among the anthropoid apes I find that ir 
Cynocephalus, according to Bischoff ' the pectoralis minor is insertec 
into the coracoid process and the coraco-clavicular ligament I n the 
Chimpanzee we find that Huxley, Fick, Bischoff, Hepburn and other:? 
have described an insertion into the capsule of the shoulder joint. I: 
is not unusual to find this capsular attachment in man. This relation 
of the pectoralis minor to the capsule, in certain cases occurring in mar 
and monkeys, induces Bland Sutton to believe that the coraco-humeri 
ligament of the shoulder joint is the tendon of the pectoralis minor 
muscle transformed into a fibrous band. But as the insertion varies so 
greatly in apes it would seem that Bland Sutton is not warranted in 
coming to the conclusion he does. Hepburn ibund that in the Gibbon 
in addition to a coracoid and a clavicular attachment, the muscle was 
inserted into the common tendon of the coraco-brachialis and biceps 
a short distance below the tip of the coracoid process. Whilst in the 
Chimpanzee both Huxley* and Hepburn describe the muscle as uniting 
with the supra-spinatus. Judging from the attachments described 
in my Orang, and from the relations found in some other apes and the 
variations in man, it may be that the trapezoid portion of the coraco- 
clavicular ligament and the coraco-acromial ligament are in part derived 

t Loc dt.. p. 76. 
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from the tendon of the pectoralis minor. Wood^ has described in man 
a case in which the muscle joined the coraco-acromial ligament and 
another in which it was inserted into the clavicle and the costo-coracoid 
membrane. 

The Serratus magnus arose from the upper eleven ribs, interdigitating 
below with the external oblique muscle of the abdomen and was 
inserted into the whole length of the vertebral border of the scapula, 
blending above with the levator anguli scapulae at its insertion. Fick 
describes an origin in the Orang from twelve ribs. In man the muscle 
rarely extends beyond an attachment to the upper nine ribs. 

The Deltoid arose from the outer third of the anterior surface of the 
clavicle, from the acromion process and from the spine of the scapula 
also from the fascia over the infra-spinatus muscle. It was inserted 
into the outer aspect of the humerus as in man; some additional slips 
pass to the humerus for about 2 cm. above the main point of insertion, 
and some superficial fibres pass to the fascia, which extends down to the 
external condyle. Fick speaks of this muscle as similarly well 
developed in his Orang. 

The Teres major arose from the lowor fourth of the axillary border of 
the scapula and from the dorsal surface of the inferior angle; its insertion 
3cm. wide found attachment to the humerus behind the latissimus 
dorsi. The lower part of the muscle near its insertion was joined by 
the slip from the latissimus dorsi already described (p. 21). 

The Teres minor^ the Supra-spinatus and the Infraspinatus muscles 
had similar attachments to those found in man; it was noted, however, 
that the aponeuroses of insertion of the last two muscles were directly 
continuous with one another and blended with the capsule of the 
shoulder joint 

The Subscapularis resembled that found in man. Fick described a 
slip of origin of this muscle from the teres major. 

The Subclavius was not strongly developed, measuring only 0.3 cm. 
in width; it arose from the cartilage of the first rib, and had an insertion 
2 cm. wide into the clavicle at the junction of the middle and the outer 
thirds of that bone on its under aspect; it here extended to the point of 
attachment of the coraco-clavicular ligament, but was in no manner 
continuous with that structure. The subclavius is poorly developed in 

I J. Wood, '* Variation ia Hunurn Myology." ProoeedtngB of the Royal Society ot London, VoU 
XV, 18S7, p. 931. 
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the anthropoid apes; in Huxley's Gorilla* it was only represented by 
a ligament 

The Triceps muscle had the following origin : — i. The long head 
arose from the upper two-thirds of the axillary border of the scapula 
to the extent of 4 cm.. The upper part of its origfin being in front of 
the teres minor and the lower part behind the teres major. 2. The 
inner head arose from the posterior aspect of the humerus a short dis- 
tance above and behind the lowest point of attachment of the teres 
major. The musculo-spiral nerve crosses this head obliquely about 
2.5 cm. below its upper limit; the nerve is thus separated from the 
bone by the muscle. 3. The external head arose from the posterior 
aspect of the humerus as high up as the insertion of the teres minor. 
The musculo-spiral nerve proceeds outwards between the lower part of 
this muscle and the bone. The triceps possesses a very wide fascial 
insertion in the r^ion of the elbow, and is inserted also into the 
olecranon process. Fick remarks upon the striking weakness of the 
inner head in his Orang. 

The Coraco-brachialis arose from the anterior portion of the coracoid 
process, and from the fascia over the subscapularis muscle ; two por- 
tions of the muscle were defined, one found insertion by an attachment 
2.5 cm. wide into the middle of the inner portion of the humerus, whilst 
a more feebly developed upper portion found an attachment by an 
insertion as cm. wide immediately above the other portion. The two 
parts are separated by the passage of the musculo-cutaneous nerve, 
which sends a branch of nerve supply to each. Some fibres from the 
upper portion pass down in front of the tendinous insertion of the lower 
part, and there find independent insertion into the humerus. Wood by 
a comparative study of this muscle in the mammalia concludes that 
the coraco-brachialis is made up of three component parts : i. The 
caraco-brachicdis brevis, which passes from the outer side of the coracoid 
process near its root, to the capsule of the shoulder-joint near the ana- 
tomical neck of the humerus ; 2. The Coraco-brachialis medius obtaining 
its insertion into the inner border of the humerus near its middle ; 3. The 
Coraco-brachialis longus, which extends down the inner side of the arm 
to be attached to the internal condyle. The coraco-brachialis medius 
is the portion of the muscle which is characteristically of human type; in 
man also, both brevis and longus occur as varieties, the latter being the 

I Loc. cit. Vol. I, p. 538. 
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more common. Vrolik^ describes the medius and longus as existing in 
the Chimpanzee, a condition which also existed in Hepburn's Orang. 
The degree of development of this muscle is, however, by no means 
constant, but, according to Bischoff, numerous variations occur both 
among the anthropoid apes and among the lower apes. In certain of the 
mammalia, according to Wood, the brevis alone is developed as in the 
dog and cat, also in bats and moles. Bland Sutton^ compares the 
arrangement of the coraco brachialis in its three parts in the arm to 
the arrangement of the three adductor muscles in the thigh. 

The Biceps resembled, in its two heads of origin, the condition found 
in man ; it was inserted into the radius by an aponeurosis of insertion 
1.5 cm. wide, very thin and ribbon-like as it passed back into its inser- 
tion, which lay wrapped around the neck of the radius when the forearm 
was pronated. A well-developed bicipital fascia passed off to blend 
with the fascia on the inner border of the forearm. This fasp ia was 
absent in Pick's Orang. BischofP states that in all apes (anthropoids 
and others) the biceps arises as in man, with the exception of the Gibbon, 
where he found that the short head arose from the lesser tuberosity of 
the humerus instead of from the coracoid process ; Huxley* found in 
his Gibbon, the short head arising from the tendon of the pectoralis 
major. The muscle is subject to great variation in man chiefly in the 
multiplication of additional heads of origin: the long head has 
occasionally been absent, as described by Lubosch* and others in 
man, but such a defect is extremely rare. 

The Brachialis anticus arose from the anterior portion of the humerus 
as high up as the insertion of the deltoid, the origin of the muscle being 
wholly external to the insertion of the coraco brachialis. It was inserted 
into the coronoid process of the ulna. A narrow slip from the outer 
aspect of this muscle crossed in front of the musculo spiral nerve and 
joined the supinator longus. This connection with the supinator longus 
has been observed in man (Testut). 

The Pronator radii teres arose by two heads, one from the internal 
condyle and the intermuscular septum, and the other from the coronoid 
process of the ulna on its inner aspect. The median nerve passed into 
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the forearm between its two heads, the deep head separating the nerve 
from the ulnar artery. It was inserted into the radial border of the 
radius by an insertion 2 cm. wide immediately below the upper third of 
the bone. The high insertion of the pronator radii teres corresponds to 
that found by Langer* in his Orang. This, he points out, diflfers from 
the condition found in man, where the muscle in question is inserted 
below the middle of the bone It also implies a shorter extent of 
attachment of the supinator brevis, which is attached above the pronator 
This circumstance led Langer to assert that it is only the lower part of 
the radius which is so enormously elongated in the Orang compared 
with the condition found in man. Langer's Orang was young, but in 
the adult animal dissected by Fick' he found the position of the inser- 
tion of the pronator similar to that occurring in man ; he therefore con- 
cludes that either the high insertion is characteristic of the young 
Orang thus differing from the old animal, or that Langer's case was 
abnormal — my specimen would go to prove the truth of the former 
hypothesis. In Bischoff's Gorilla the coronoid head of the muscle was 
absent, but Macalister* found it in his specimen. Chapman* found 
both heads in the Orang. The coronoid head is frequently absent in 
man (Testut). 

The Flexor carpi rcuiicUis arose from the common origin of the flexors 
from the internal condyle and the intermuscular septum, also from an 
oblique line on the outer border of the radius in common with the flexor 
sublimis digitorum ; it was inserted into the base of the second metacarpal 
bone, after passing through the groove in the trapezium. Fick and 
Langer both describe a radial origin in the Orang. The radial head 
occurs as an occasional variation in man. 

The Palmaris longus arose in common with the other flexors from the 
internal condyle and from the fascia over it It lay immediately sub- 
jacent to the fascia of the forearm until it reached a point 3 cm. above 
the wrist joint, where it perforated the fascia and continued down upK>n 
its superficial aspect. Crossing the anterior annular ligament it proceeded 
to its insertion into the palmar fascia. There is a very definite slip to 
the base of the thumb, and from this the abductor pollicis arises in part 
In both Orangs dissected by Fick there was a slip to the abductor 
pollicis and he describes, in addition, another slip to the flexor minimi 
digit!. Bischoff states that the palmaris longus was absent in the 
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Gorilla, and the result of Hepburn's investigations was that he found this 
muscle present in the Chimpanzee, Orang and Gibbon, but absent in the 
Gorilla. 

The palmaris longus, both in man and apes, would appear to be a 
rudimentary structure ; in many animals it is a well developed muscle 
and sends tendons to all the digits. From a comparative study of this 
muscle Bland Sutton^ and others have arrived at the conclusion that 
the palmar fascia of the human hand arises from the degeneration of the 
distal end of the palmaris longus muscle. According to Grapow* the 
palmar fascia was first described as an expansion of the palmaris longus 
by Dupuytren in 1832. The view which Grapow holds concerning it is, 
that the main part of the palmar fascia is derived as a prolongation of 
the anterior annular ligament of the wrist, whilst the superficial, 
longitudinally coursing fibres are derived from the palmaris longus 
muscle. The muscle in man is very variable in its development, it is 
-entirely absent in ten per cent of all cases, and it presents great variety, 
not only in its points of insertion but also in the development of its 
fleshy and tendinous fibres. 

The Flexor carpi ulnaris arose in common with the flexors from the 
internal condyle, also from the inner side of the olecranon process of the 
ulna. The ulnar nerve passed into the forearm between the two heads. 
It was inserted into the pisiform bone. The muscle thus resembles that 
found in man. 

The Flexor sublimis digitorum vel Perforatus arose from the common 
origfin from the internal condyle and intermuscular septum, also from 
the coronoid process and the olecranon process and in common with the 
flexor carpi radialis from the oblique line of the radius. Passing beneath 
the annular ligament it there passed into the palm in four tendons. The 
tendon for the index finger and that for the little finger were derived 
mainly from fibres arising from the internal condyle. The tendon for 
the middle finger was derived mainly from fibres arising from the 
radius. The tendon for the ring finger was derived mainly from 
fibres having an origin from both the radius and the internal condyle. 
The fleshy mass from which the tendon for the index finger arose 
formed a very definite fasciculus which passed down on the deep 
aspect of the main part of the muscle along its ulnar border, and 

X Loc. dt., p. x6. 

3 Maz-Grapow, " Die Anatomte und Phyiiologrische Bedeutungr der Padmarapoaeurose. Archiv ffir 
Anatomic und Bntwickelunffsireachichte, 1887. p. 145. 
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then crossed obliquely behind the other tendons to reach the index 
finger. The fasciculus is joined at an acute angle by a few fibres 
from the radial origin; this radial fasciculus represented not more 
than one-twentieth part of the main fasciculus, being a very slender, 
though definite contribution. In BischofTs Gorilla there were four 
almost completely separated muscles having an arrangement similar 
to that found in my Orang. This differs from the muscle dissected by 
Fick in his Orang, in which there was a superficial fasciculus passing to 
the fourth and fifth digits, and a deep fasciculus to the second and third 
digits. The muscle in man is developed in two layers, more or less 
separable from one another, the superficial passing to the third and 
fourth, and the deep to the second and fifth digits. 

The Flexor profundus digitorum vel Perforans arose by three distinct 
fasciculi. 

1. From the anterior and inner aspects of the ulna extending back to 
the posterior border and upwards as high as the posterior portion of 
the olecranon process, and downwards on the ulna to about its middle 
(The nerve supply was from the ulnar.) 

2. From the anterior aspect of the ulna up to and including the lower 
part of the coronoid process ; from the anterior and inner border of the 
ulna below the fasciculus I. and from the interosseous membrane. (The 
nerve supply was the median.) 

3. From the anterior aspect of the radius, and from the interosseous 
membrane ; this radial attachment extends two-thirds of the way down 
the bone. In the middle third, well over to the radial border, its attach- 
ment is limited by the origin of the flexor sublimis digitorum. (The 
nerve supply was from the median.) 

The tendons passed under the annular ligament, and fasciculus No. i 
supplied tendons to the minimus and the ring fingers ; fasciculus No. 2 
to the middle finger, and fasciculus No. 3 to the index finger. A 
lumbrical muscle was developed on the radial side of each tendon in the 
palm. Rudolf traced the nerve supply of the lumbricals, and found the 
outer two were supplied by the median and the inner two by the ulnar 
nerve. 

There was no trace of a long flexor for the thumb. In this particular 
man differs very markedly from the Orang. In man the flexor longus 
poinds is a separate well developed muscle, and nothing approaching it 
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is found in the ape. Langer,^ Fick,' BischofF.^ Huxley/ Chapman,5 and 
others have failed to find a trace of the flexor longus pollicis in the 
Orang. Duvemoy, in the Gorilla, describes the flexor as going to the 
index finger and from this a slender tendon is detached for the thumb, 
which takes the place of the flexor longus pollicis.' Brooks^ in dis- 
secting an Orang found that the two heads of the flexor brevis pollicis 
were separated at their insertion by a slender tendon which, he con- 
sidered, represented the flexor longus pollicis; this tendon was inserted 
into the ungual phalanx, and it could be followed up the forearm, but 
about two inches above the wrist it expanded into areolar tissue. 
Among the anthropoids one finds a rudimentary tendon going to the 
thumb, this is derived from the flexor tendon which is distributed to the 
index finger. Thus in the Chimpanzee, Huxley and Macalister both 
describe a very slender tendon to the thumb from the flexor longus 
digitorum tendon for the index finger. A similar condition is found 
by Bischoff" and others in the Gorilla and the Gibbon. Among the 
lower apes of the old world (Cynopithecini) Huxley found a rudi- 
mentary slender tendon to the poUex derived from the flexor tendon to 
the index, a condition similar to that in the anthropoids named. 
Among the Lemurs (Stenops tardigradus) the same authority states,* 
that a true and distinct flexor longus pollicis of separate origin and 
insertion exists. Similar observations have been made by Bischoff" 
regarding the lower apes and the rudimentary condition in them of the 
flexor longus pollicis. The anthropoid apes and the lower apes there- 
fore resemble one another in respect to this muscle, whilst they all differ 
from man where the flexor longus pollicis is developed as a strong 
muscle completely separated from the flexor profundus digitorum, a 
condition never yet found in the ape. It is not common to find much 
variation in the development of the flexor longus pollicis in man, but 
such does occur occasionally. Turner* placed on record several cases in 
which the flexor longus pollicis contributed a tendon of communication 

I Loc. dt.i p. 180. 
a Loc at, I. p. 23. 

3 Loc at, I, p. ax4. 

4 Loc cit. Vol. I, p. 596. 

5 Loc dt., p. 163 

6 Loc dt, p. 106. 

7 H. St. John Brooka. ** On the Short Muades ot the PoUcx and the Hallux of the Anthropoid Apea 
with Spedal Reference to the Opponena Halluda." Journ. of Anat. and Phya., Vol. XXII, 1887^, p. 89. 

8 Loc. dt.. Vol. 11, p. 145. 

9 W. Turner, *' On Variability in Human Structure, with illuatrationa from the Flexor Muadea of the 
Fin^rers and Toea.** Tranaactiona of the Royal Sodety of Bdinburgrh, Vol. XXIV. 1867, p. 179. 
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with the flexor profundus digitorum. Schulze^ has described a similar 
condition. Turner records one case in which the bond of union passed 
in the opposite direction from the flexor profundus to the flexor longus 
pollicis. Wagstafie' has described a case in which a muscle arose like 
the flexor longus pollicis, but was inserted into the deep flexor tendon 
to the index finger and was connected also with the fibrous structures 
about the wrist ; there was also a tendon on the palmar aspect of the 
first and second phalanges of the thumb, which, however, was attached 
above to the head of the metacarpal bone. Gegenbaur* has recorded a 
case in which the flexor longus pollicis was absent from the thumb of 
man — the muscle had evidently fused with the flexor for the index 
finger; the thumb itself was very rudimentary, and presented an appear- 
ance very similar to that found in the apes. The abnormality was 
found on the left side of the body, the right flexor longus pollicis being 
normally developed. The importance of these facts concerning the 
absence of the flexor longus pollicis in the ape and its existence as a 
strongly developed structure in man is emphasized by Testut* when he 
says, " De toutes les dispositions anatomiques qui difl(6rencient actuelle- 
ment Thomme des autres Primates, Tune des plus importantes est, sans 
conteste, la presence chez Thomme, Tabsence chez les Singes d*un long 
fl^chisseur propre du pouce, compl^tement distinct des autre fl^his- 
seurs." Testut holds that the flexor longus pollicis is present in the 
apes, arising as it does in man, but the peculiarity in apes is that it fuses 
with the flexor profundus and loses the characteristic individuality 
which is found in man where it passes as a distinct and separate muscle 
to the thumb. Testut himself, after examination of a large number of 
subjects, had never found the flexor longus completely absent from the 
thumb of man. 

Gratiolet and AHx' describe a rudimentary muscle in the Chim- 
panzee arising from the ligaments over the anterior aspect of the carpus 
and inserted into the last phalanx of the thumb. 

The Pronator quadratus consisted of a number of muscle fibres 
passing transversely from the radius to the ulna ; in the upper part of 

I F. Eilhard Schulze, " Die Sehnenverbindungr in der Planta dea Menachen und der SJLufi^thtere.* 
Zeitschrift ftir Wiasenschaftliche Zoologrie. Bd. 17, 1867, p. i . 

a W. W. WafiTstaiFe, " Partial Deficiency of the Tendon of the Long Flexor of the Thumb," Joum. of 
Anat. and Phya.. Vol. VI, 187a, p. aia. 

3 C. Gegenbaur, " Ein Fall von mehrfachen Muakelanomalien an der oberen Extreniitjlt,'* VtrdiOw's 
Archtv f&r PathoU Anat. und Phy^, Vol. XXI, i86t, p. 38a. 

4 L. Teatut, ** Le Long Fl^hiaseur Propre du pouce chez Thomme et chec lea Singes.'* Bulletin de la 
Soc. Zool. de France, Vol. VIII, 1883, p. 164. 

5 Loc. dt., p. 17a. 
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the muscle the fibres were very oblique, arising from the ulna as high up 
SL3 the upper portion of the lower fourth, and passing obliquely down- 
-wards and outwards to the radius. The obliquity of the fibres was also 
noted by Fick. 

The Supinator longus arose from the supracondyloid ridge of the 
humerus as high as the middle of the bone, and extended down to 
\vithin 2.5 cm. of the external condyle. It was inserted into the outer 
aspect of the lower extremity of the radius, including the styloid process, 
the whole insertion being 2.5 cm. wide. In Pick's Orang the insertion 
began 7 cm. above the styloid process. In the Gibbon, Bischoff found it 
short, not reaching to the styloid process but inserted into the middle of 
the bone. A similar condition was found in the Gibbon by Huxley.* 
In man the muscle has been found inserted as high up as the middle 
third of the radius. 

The Supinator brevis and Anconeus were well developed, and re- 
sembled in their connections and relations the condition found in man, 
in other anthropoids and in the lower apes. 

The Extensor carpi radialis longior arose below the supinator longus 
from the supra condyloid ridge of the humerus as low as the external 
condyle. It passed under the annular ligament in company with the 
short radial extensor and was inserted into the dorso-radial aspect of the • 
base of the second metacarpal bone. 

The Extensor carpi radialis brevior arose from the common extensor 
origin from the external condyle, and was inserted into the dorsal aspect 
of the base of the third metacarpal bone. The two radial extensors were 
crossed obliquely by the short and long extensors of the thumb and the 
extensor ossis metacarpi pollicis ; they resembled in their relations and 
connections the condition found in man and in the lower and the anthro- 
poid apes. 

The Extensor communis digitorum arose from the common extensor 
origin, and passed under the annular ligament in company with the ex- 
tensor indicis ; it divided into four tendons for insertion into the four 
inner digits as in man. 

The Extensor minimi digiti was a very small fasciculus arising in 
common with the extensor communis ; it was inserted into the extensor 
expansion over the proximal phalanx of the ring and the little fingers. 
One finds that the slip to the ring finger occurs as a variety in man, 

X Loc. dt., Vol. I, p. 648. 



38 PRIMROSE : THB ANATOMY OF THE ORANG OUTANG 

whilst it would appear to be the usual condition in the Orange, as 
described by Fick, Bischoff, Huxley, Hepburn and Chapman. On the 
Other hand, according to Bischoff,* in the Gorilla, Chimpanzee and 
Gibbon, and in the lower apes (excluding Cynocephalus, where it exists 
as in the Orang), the tendon is restricted to the little finger as it is in 
man. 

The Extensor carpi ulnaris arose from the common extensor origin, 
from the olecranon process and the posterior portion of the ulna and 
from the intermuscular septum ; it was inserted into the ulnar border of 
the fifth metacarpal bone. 

The Extensor Indicts arose from the middle of the ulna by an origin 
1.5 cm. wide, and from the interosseous membrane, passing beneath the 
common extensor, it was inserted into the extensor expansion over the 
dorsal aspect of the proximal phalanx of the second and third digits. 
In man the extensor indicis is inserted into the index finger only, 
although, as a variation, it is not very uncommon to find a slip to the 
middle, or even the ring fingers, whilst occasionally there is a slip to the 
thumb. It is sometimes altogether absent in man, and Testut* states 
that he has seen it tendinous throughout its whole extent, According 
to Bischoff* in the Gorilla alone among anthropoids do we find the 
extensor indicis restricted to the index finger and thus resembling man. 
In the Orang and Chimpanzee it passes to the second and third digits, 
whilst in the Gibbon it passes to the second, third and fourth digits. 
In the lower apes also it would appear to be distributed, as a rule, to the 
second and third digits. Pithecia being an exception (Bischoff), where it 
is restricted to the index finger only. Huxley,* in discussing this 
muscle in the Orang along with the extensor minimi digiti, calls 
attention to the fact that the normal arrangement in many of the lower 
mammalia is to have a superficial and a deep extensor supplied to every 
digit. This arrangement is approached when as in my Orang the 
extensor minimi digiti is supplied to the fourth and fifth toes, and the 
extensor indicis to the second and third toes. These two muscles, as 
they occur in man, are therefore but fragments of a more extensive 
muscle group occurring in lower animals. 

The Extensor longus pollicis arose from the dorsal aspect of the ulna 
above the origin of the extensor indicis, and passed to its insertion in a 

z Loc. cit. I, p. aia. 
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separate compartment of the annular ligament ; it was inserted into the 
second phalanx of the thumb. 

The Extensor brevis pollicis arose from the interosseous membrane 
and from the dorsal aspect of the radius and the ulna, it was inserted 
into the radial aspect of the base of the first metacarpal bone well to 
the anterior surface. This muscle is absent in most apes. Langer, 
Fick, BischofT, Huxley and Chapman failed to find it in the Orang, 
whilst Hepburn^ describes the muscle as being inserted, as in my 
example, into the metacarpal bone. Bischoff states that the muscle is 
absent in all apes, with the exception of the Gorilla. The muscle in 
my Orang was quite separate from the extensor ossis metacarpi pollicis, 
and had a distinct and separate insertion into the metacarpal bone. It 
represents a condition intermediate between that normal in man and 
that which Testut says is' constant in most apes where, according to 
this authority, the short extensor is blended with the extensor ossis 
metacarpi pollicis. 

The Extensor ossis metacarpi pollicis arose from the radius and ulna, the 
more extensive attachment being to the radius, and was inserted by two 
tendons, one of which passed to the trapezium and the other to the 
fascia, from which the abductor pollicis and opponens arose. On the 
right side Rudolf found this tendon passing to the metacarpal bone 
of the thumb. On close examination of the slip to the trapezium one 
found, close to the point of insertion, a small irregularly oval sesa- 
moid bone about 4 mm. in length. This bone was embedded in fibrous 
tissue which extended from the styloid process of the radius above to 
the base of the first metacarpal bone, and was there closely applied to 
the trapezium immediately below the tubercle of the scaphoid ; the 
fibres of the tendon of the muscle appeared to be inserted into this bone. 
The sesamoid bone is described by Fick' and by Hepburn* in con- 
nection with the tendon of the extensor ossis rtetacarpi pollicis in the 
Orang. Fick describes the muscle as inserted into the trapezium 
and the first metacarpal on the left side, whilst it had an additional 
insertion into the scaphoid on the right side of his Orang. BischofP 
states that in the Orang, Cynocephalus, Pithecia and Hapale, the muscle 
is inserted as in man, into the metacarpal bone, whilst in the Gorilla, 
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Chimpanzee, Hyiobates, Circopithecus and Macacus it parts into twc 
tendons — one for the trapezium, and the other for the middle phalanx 
of the thumb. Huxley describes the two divisions of the extensor 
ossis metacarpi pollicis in all four anthropoids, although he says the 
division is not so definite in the Orang as in the others.' Brooks- 
states that the sesamoid bone is apparently developed in all anthro- 
poids in the tendon of the extensor ossis metacarpi pollicis. The 
double insertion of this muscle into the trapezium and the first meta- 
carpal bone is frequently found as a variation in man, whilst the occur- 
rence of the sesamoid bone in the tendon of the muscle in question in 
man has been reported by Zuckerkandl.* 

The occurrence of the sesamoid bone in the tendon of the extensor 
ossis metacarpi pollicis has considerable interest attached to it, as Fick 
has suggested,* that it represents a praepollex rudiment The proba- 
bility is that the ossicle occurs very constantly in the Orang, although it 
may be of very small dimensions as Fick* found in a second Orang 
dissected by him, where it was scarcely the size of a grain of rice. Thus 
it may be very easily overlooked, and requires to be searched for with 
considerable care. The occurrence of this bone in the tendon of the muscle 
in question is no new discovery, as it is mentioned and figured by Vrolik* in 
the Orang,and the same writer states that it had been described by Camper 
in that animal. Camper looked upon it as a ninth carpal bone. Fick is 
inclined to believe that it does represent a supernumerary carpal bone. 
He has found it appearing as such in the skeleton of an old female Orang 
in the Leipzig Zoological Institute, where, on both sides it is attached 
to the carpus, on the one side being attached by some connective tissue, 
still unmacerated, to the trapezium, and on the other side lying between 
the trapezium and the scaphoid. There has been a great deal of dis- 
cussion concerning the occurrence of marginal structures in connection 
with the hand, held by some to represent additional digits, and desig- 
nated in the hand the praepollex and the postminimus. Similar obser- 
vations are made concerning the foot. The question is, whether or not 
we have evidence that the pentadactyle type of hand was derived from 
the heptadactyle type. The difficulty in determining the significance 
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>f these marginal structures is increased, because we recognize a large 
lumber of supernumerary carpals occurring in different parts of the carpus. 
Thus the os centrale is a structure apparently always represented in the 
luman embryo, but it soon blends with one of the neighbouring bones 
ind loses thus its individuality. We find this bone in the Orang 
remaining separate throughout life. In my specimen it lay between the 
scaphoid, the trapezium and the os magnum. Vrolik^ claims to have 
been the first to describe this bone in the carpus of the Orang. Later 
investigation has proved that in the human embryo a large number of 
carpal elements are often present Thus Thilenius" in the human 
carpus in embryos, from the second to the fourth month, found such 
supernumerary bones, all appearing as hyaline cartilage, their structure 
differing in no manner from the normal eight carpals. Thilenius de- 
scribes some thirteen of such. They unite with the neighbouring carpals 
or metacarpals, so that normally in man eight carpals finally result. 
The OS centrale may join the scaphoid, the third metacarpal, the trape- 
zoid, or the OS magnum. Thilenius found the " praetrapezium " in four 
cases of 113 hands examined, whilst the os centrale was present in all 
cases without exception ; the other supernumerary carpals were present 
only occasionally. Pfitzner,' in a paper upon the human carpus, 
attempts to group all these supernumerary carpals in the human hand, 
and reconstructs the carpus so as to shew in a diagrammatic fashion the 
position occupied by all these additional carpal bones, and their relation 
to one another. It is in connection with the marginal bones, however, 
that the greatest interest has been aroused, and some anatomists look 
upon the bone described as the praetrapezium (or the os radiale externum) 
as representing a praepoUex rudiment. Born* has examined similar 
structures in the tarsus of amphibians. In rana esculenta he figures a 
tarsus in which a supernumerary digit is added on the tibial side of the 
foot. This consisted of three catilaginous elements separated by joints 
and united with a tarsal element which it shared with the first meta- 
tarsal ; a somewhat similar condition was found in Bufo variabilis. 
Emery" traces various carpal elements in the larvae of amphibia, and 
describes in the anura what he considers to represent the praepoUex, 
and the praehallux ; he also demonstrated similar structures in rodents. 

I Loc. cit., p. 13. 
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Baur/ as the result of his investigations of the reptilian carpus, ccc - 
eluded that the praepollex element was one of the true carpals (radiale 
displaced, being pressed out whilst the radiale centrale had taken it- 
place and appeared as the representative of the true radiale. He cor- 
siders that a similar view may be held regarding the amphibian carpu^i 
Baur thus questions the validity of the praepollex theory. On the other 
hand, Bardeleben' is one of the strongest exponents of the theon 
After studying the subject from the embryological standpoint an: I 
examining more than a thousand skeletons in the comparative anatomy 
collections of Berlin, Leyden, and London, he concludes that we mus: 
relinquish the old doctrine of five digits for the mammalia. The argo- 
ment of Bardeleben is very interesting and ingenious. He finds in ore 
of the Cape rodents (Pedetes capensis) in two skeletons a praepollex 
possessing a nail, and a postminimus in which were two bones. He aisc 
conducted his investigations among fossil forms and in the oldest 
fossil mammal in which the hand skeleton has been preserved he 
describes a praepollex rudiment. This fossil animal Theriodestnus pky- 
larchuSy comes also from South Africa (Nicholson*). The praepollex 
rudiment in the carpus of Theriodesmus has also been described by 
Thilenius.* The elements of the praepollex rudiment here, according 
to this authority, lie on the radial side of the hand, between the scaph- 
oid, centrale and trapezium. Bardeleben, in his paper, attempts to trace 
the muscles of the praepollex and the post minimus, or rather their repre- 
sentatives, in the pentadactyle type. Thus the palmaris longus in the 
hand, and the plantaris in the foot, are looked upon as giving evidence 
of the existence of those supernumerary digits. Among lower animals 
(as has already been stated for the palmaris longus) these muscles ^ive 
a varying number of tendons, numbering from three or four to seven, 
in some animals. Thus Bardeleben states that we have seven tendons 
representing the termination of the muscle in Centetes (one of the 
hedge-hog family of Madagascar). One of these tendons went to the 
praepollex and the other to the postminimus. Similar conditions were 
found in the plantaris. To the four groups of interossei present in the 
mammalian hand or foot Bardeleben would add the abductor muscles 

I G. Baur, ** Der Carpus der ScMldkrOten." Anatomischer Anzeigrer, 1892, p. ao6. 
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T the first and last digits. The abductor pollicis, and the abductor 
la^llucis, arising from what he considers to be the rudiments of the 
>raepK>llex or prxhallux, and the abductor minimi digiti in both hand and 
oot arising from the postminimus. These abductor muscles together with 
he so-called " interossei," Bardeleben would designate the " flexores 
>reves profundi/' In addition, Bardeleben claims certain of the marginal 
ong muscles as contributing to the praepollex, etc.; among others, the 
j^ctensor ossis metacarpi pollicis, and flexor carpi radialis acting on the 
prsepollex, and the flexor carpi ulnaris acting on the post minimus rudi- 
ment He traces similarly corresponding muscles in the foot. Fick* 
discovered in man what he believed to be a flexor praepollicis. It arose 
from the outer margin of the radius near the insertion of the pronator, 
and as a continuation of the flexor longus pollicis, a portion was inserted 
into the transveise carpal ligament, but the chief tendon of insertion 
was attached to the volar projections of the trapezium and the scaphoid, 
processes which were considered by Pfitzner to represent the praetra- 
p>ezium, and therefore the praepollex rudiment Fick places consider- 
able importance upon the fact that this praepollex rudiment was still a 
" rudiment " in the oldest known mammal, and concludes that it is 
highly improbable, therefore, that the primitive mammal possessed a 
true praepollex. This fact would also go to disprove the other theory 
that the praepollex, etc., are secondary new formations. These digits, if 
they exist, do not appear to have made any progress in development in 
the mammal. 

Gratiolet and Alix' found the extensor ossis metacarpi pollicis in- 
serted in the Chimpanzee by two tendons — one into the trapezium and 
the other into the base of the first metacarpal. In a foot note these 
authors refer to the fact that no sesamoid bone was present in the slip 
to the trapezium, and its absence they attribute to the fact that the 
animal was young. The explanation is not valid, as the bone was 
present in my Orang, although it was a young specimen. 

The Abductor pollicis (plate V, ^^^Sabp^ muscle was well developed; 
it arose from the trapezium and the annular ligament, and was inserted 
into the radial border of the proximal phalanx of the thumb. The 
muscle would appear to present very few variations in the ape from the 
condition found in man. In Hepburn's Orang it arose from the annular 
ligament and had no direct attachment to the carpal bones. 

The Opponens pollicis arose from the trapezium and the annular 

I Loc. cit. I. p. ay. 
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ligament, and from the tendon of the extensor ossis metacarpi poliid; 
and was inserted into the radial border of the first metacarpal bone 
Brooks* also described the origin from the extensor ossis metacan: 
pollicis. The opponens is well developed in apes and resembles ii 
attachment and development the same muscle in the human hand. 

The Adductor obliquus pollicis arose from the bases of the second ar: 
third metacarpal bones and the ligaments over the anterior surface of th: 
carpus. A portion of the adductor obliquus pollicis (indicated in plat-: 
V, fig. 5 a.ob,p,) exists as a separate slip passing over the anterior surfa::^ 
of the metacarpal bone. This apparently corresponds to the muscle anc 
tendon fasciculus which Langer* describes and figures, and which h: 
believes to represent the flexor longus pollicis of man ; it is in con5^ 
quence of the existence of this muscular slip that the Orang is capablr 
of bending the terminal phalanx of the thumb. 

The Adductor transversus pollicis arose from the base of the thir: 
metacarpal bone and the distal extremity of the second metacarpal 
bone, and from the fascia over the interossei muscles between the t^*: j 
bony points named. The adductor muscles of the thumb in the Ora.'^j 
thus correspond very closely to the muscles of the same group in tie | 
human hand. 

The Flexor brevis pollicis. The inner head of the muscle (the " intff- 
osseus primus volaris" of Henle, plate V, ^%*5f'bp,2) arose from the base 
of the first metacarpal bone, and was inserted into the base of the first 
phalanx with the adductor obliquus pollicis. The outer head of the 
flexor brevis pollicis (plate V, fig. 5 f.b.p. /), arose from the anterior 
annular ligament and was inserted into the radial portion of the base 
of the proximal phalanx. Flemming* looked upon the flexor breii 
pollicis as a single headed muscle. This view has been proved to be 
incorrect by Cunningham* who holds that in the foot as in the hand the 
flexor brevis of the first digit is always a double headed muscle, and man 
is no exception to the rule. In man the ulnar head has suffered diminu- 
tion and has been suppressed by the great development of the adductor 
The inner head is the muscle which Henle called the "interosseui 
primus volaris." It was Bischoff who first enunciated the view that such 
was the case in demonstrating the true significance of the interosseus 
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|3rimus volaris of Henle, and Cunningham confirms him in every par- 
ticular. In the case of the foot Flemming advanced an argument based 
upon the nerve supply, but his argument fails, because Cunningham has 
sHown that Flemming followed Henle and Schwalbe in describing the 
nerve supply of the fibular head to be from the external plantar nerve, 
whilst throughout the entire class of the mammalia Cunningham has 
only once found this head thus supplied (/>., in the fox-bat), with this ex- 
ception it is always supplied by the internal plantar, as is the tibial head. 
Even if Flemming were right regarding the nerve supply Cunningham 
holds that the point would not afford sufficient proof, as it has been shown 
that where two nerves approach one another,a tendency to variation in the 
supply to muscles occurs when theyreach the confines of their distribution. 
Cunningham states that in only one instance was he able to trace the 
nerve supply of the interosseus primus volaris in the hand, and in that 
instance it appeared to come from the deep branch of the ulnar. 

The Abductor minimi digiti (plate V, fig. 5 ab,m.d,\ arose from the 
pisiform bone and the annular ligament, and was inserted into the base 
of the first phalanx of the little finger on its ulnar side. 

The Flexor brevis minimi digiti (plate V, fig. ^ fLb.m,d,) arose from the 
unciform bone and the annular ligament, and was inserted into the base 
of the first phalanx of the fifth digit on its ulnar side. In Fick's Orang 
a second head arose from the palmaris longus tendon. 

The Opponens minimi digiti (plate V, fig. 5 op,m,d.) arose from the 
unciform bone and the annular ligament, and was inserted into the 
whole length of the metacarpal bone of the little finger. 

The short muscles of the thenar and hypothenar eminences have a 
greater or less extension of their fibres of insertion beyond the bony 
points already described, and blend with the extensor aponeurosis on the 
dorsal aspect of the digits. In this respect they resemble the interossei, 
and Langer would, from this circumstance, argue in favour of the 
theory that these muscles are modified interossei. 

The Orang would appear to have a greater development of thumb 
muscles than obtains in the hand of man as far as the development of 
those muscles which act upon the metacarpal bone is concerned, but the 
movements of the terminal phalanx are obviously very weak, the flexor 
longus poUicis being absent or extremely rudimentary. Further, it 
would appear that adduction to the index is the most powerful move- 
ment attainable, as judged from the development of the muscles. The 

I Loc cit., p. 184. 



PRXMR06B : THB ANATOMY OF THB ORANG OUTANG 

flexor brevis pollicis is also well developed, probably better than in man, 
and thus flexion of the first phalanx can be well accomplished. The 
inner head of the flexor brevis resembles that in man in being very feebly 
developed, and in being completely pressed into the deeper parts and 
covered over by the adductor obliquus, and according to BischoflP a 
similar condition is found in the Gibbon. In the Gorilla, BischofP was 
unable to separate the outer head of the flexor brevis from the opponens. 
or the inner head from the adductor obliquus. It would appear from 
reference to the records of various authorities, that whilst great varia- 
tions exist among apes in the degree of development of the short mus- 
cles of the thumb, they are nevertheless all represented in the diflferent 
species. Even in the spider monkey (Ateles) according to Huxley, in 
which the thumb is functionless, being wholly rudimentary and buried 
under the skin, all the muscles, abductors, adductors, short flexors and 
opponens are present, the long flexor alone of the muscles usually 
found in this situation being absent A variation sometimes occurs 
according to Fick* and others, in the insertion of certain fibres of the 
adductor into the shaft of the metacarpal bone of the thumb, thus con- 
stituting a second opponens. 

The Interossei (plate V, figs. 6 and 7). The first dorsal interosseous 
muscle arose from the ulnar side of the base of the first metacarpal by 
one head, whilst the other head arose from the dorsal, radial and palmar 
surfaces of the second metacarpal bone. The second dorsal interos- 
seous arose from the ulnar half of the dorsal surface of the second 
metacarpal bone, and from the dorsal, radial and palmar aspects of the 
third metacarpal. The third dorsal interosseous arose from the radial 
half of the dorsal surface of the fourth metacarpal, and from the dorsal, 
ulnar and palmar aspects of the third metacarpal. The fourth dorsal 
interosseous arose from the radial half of the dorsal surface of the fifth 
metacarpal, and from the dorsal ulnar, and palmar aspects of the fourth 
metacarpal bone. 

The palmar origins of the dorsal interossei, above described, were in 
all instances particularly well developed, forming in fact larger fasciculi 
than those arising from the dorsal region. On the palmar aspect of the 
third metacarpal bone the palmar origins of the second and third 
interossei meet together over the proximal half of the bone. The 
muscles were inserted as in man. 

I Loc. dt. I,' p. aij. 
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The palmar interossei arose each by a single head from the meta* 
carpal bone of the digit upon which it acts. The first palmar inter- 
osseous muscle arose from the palmar and ulnar surfaces of the second 
metacarpal, whilst the second and third palmar interossei arose from the 
palmar and radial surfaces of the fourth and fifth metacarpal bones 
respectively. They were inserted as in man. 

The drawings (plate V) are faithful representations of the relations 
which existed, and one has reproduced in a diagrammatic fashion in 
fig. 4, plate IV, the relations of the interossei to the metacarpal bones 
as they appear in transverse section. The second, third and fourth 
metacarpal bones were thus completely surrounded by the interossei in 
the proximal two-thirds of their length. 

Bischoff described* the interossei very fully in a large number of the 
lower apes and the anthropoid apes. He recognized the fact that there 
existed a palmar set of interossei as distinct and independent muscles. 
They vary in the number present in the different apes, but never exceed 
three, and were always developed in connection with the second, fourth 
and fifth digits. The double insertion of the various interossei, both 
palmar and dorsal, whereby they are on the one hand attached to the 
base of the proximal phalanx and on the other into the extensor 
aponeurotic expansion on the back of the phalanx, was first pointed out 
by Huxley' in anthropoid apes. The interossei and their attachments 
were fully described by Huxley in all four anthropoids. Bischoff found 
the interossei in the Gorilla developed as in man.* 

The palmar portions of the dorsal interossei formed such very definite 
structures in my Orang that thby attracted special attention. This 
segment of the dorsal interosseous muscle in fact resembles a palmar 
interosseous muscle, but.this ventral segment is blended very intimately 
with the dorsal in the tendon of insertion of the muscle. The palmar 
interossei on the other hand remain independent structures through- 
out This condition is very similar to that found in man, and, obviously, 
the description in most text books of human anatomy regarding these 
muscles is faulty. Gegenbaur,* however, describes and figures them in 
their correct relations. Hepburn* apparently found these ventral seg- 
ments of the dorsal interossei, and, if I read his description aright, looked 

I Loc dt. I, pp. a>6, aa4* 
a Loc dt.. Vol. I, p. 456. 

3 Loc. dL a, p. 17. 

4 C. Ge^enbaur, "Lehrbudider AnatomiedciiMensdien.'' Leipzig. Vol. I, p. 431. fiff. 303. 

5 Loc. dt., p. 174. 



4« PRIMR08B : THE ANATOMY OF THB ORANG OUTANG 

upon them as additional palmar interossei, and thus described six palmar 
interossei in the Chimpanzee instead of three. From one point of 
view Hepburn would appear to be justified in classing these ventral 
segments of the dorsal interossei with the palmar interossei, and this 
whole group of six muscles, as represented in my Orang, (plate V, figs. 
6 and 7) might be referred to the intermediate layer of Cunningham 
which that author describes as constituting the " flexores breves/' VV'e 
shall return to the discussion of the interossei after describing the 
muscles of the foot. 

In the dissection of the muscles of the lower extremity one found the 
fascia lata poorly developed, as compared with the similar structure in 
man. 

The Gracilis arose from the body of the pubis by an origin 3.5 cm. 
wide, immediately external to the symphysis and corresponding in 
width of attachment to the depth of the symphysis. It did not extend to 
the descending ramus of the pubis ; it was inserted into the inner aspect 
of the tibia by an expanded aponeurosis of insertion 3 cm. wide. The 
upper limit of the insertion is 3 cm. below the articular surface of the 
tibia. It forms a fiat ribbon-like muscle varying in width from 2 cm. 
near its origin to i cm. near its insertion, and was supplied by the 
obturator nerve. Fick remarks on the strong development of this 
muscle in the Orang, and also observed the absence of any origin from 
the pubic ramus. 

The SartoriuSy a very poorly developed muscle, arose from the ilium 
below the anterior superior spine, and was inserted into the inner 
surface of the tibia, above and anterior to the insertion of the gracilis. 
This muscle was only about one-fiflh the size of the gracilis, and was 
supplied by the anterior crural nerve. On the right side Rudolf found 
that the muscle divided into two tendons of insertion, the anterior being 
inserted into the inner aspect of the tibia in the position indicated above 
for the left side, the posterior joined with the fascia around the knee 
joint. Between these two portions passed an artery of considerable size, 
which was found to arise from the femoral one inch above the knee, and 
run down the inner side of the leg to the cleft between the first and 
second toes, where it disappeared between the heads of the first dorsal 
interosseous muscle; a vein accompanied the artery and entered the 
femoral vein one inch above the knee. Fick* described an artery, the 
arteria genus suprema, in the Orang as a large vessel as thick as the pro- 
funda arising above the knee and extending with the saphenous nerve 
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to the dorsum of the foot The sartorius muscle is usually very feebly 
developed in the anthropoid apes as compared with man. Gegenbaur 
states* that the sartorius is as well developed in the anthropoid apes 
as it is in man, but this is by no means invariably the case — in my 
Orang it was very rudimentary, and Fick found it so also in the same 
animal. Bischoff, too, and Duvernoy* state that the muscle is weak 
in the Gorilla, whilst Gratiolet and Alix' found it weakly developed 
in the Chimpanzee. The attachment of the sartorius to the inner side 
of the knee joint, similar to that found by Rudolf, has been described 
in man (Testut). 

The Adductor longus arose from the inner portion of Poupart's 
ligament and from Gimbernat*s ligament and from the pubis extending 
I cm. along the bone on the superior part of the horizontal ramus 
immediately external to the pubic spine ; it was inserted into the inner 
aspect of the femur, the line of insertion being 1.5 cm. long, the lower 
limit of this line being only 2 cm. above the internal condyle. 

The PecHneuSy lying in the same plane as the adductor longus at its 
origin, arose from the horizontal ramus of the pubis, the origin being i 
cm. wide, continuous there with the adductor longus as it passes back- 
wards and downwards, wrapping itself around the shaft of the femur, 
and was inserted into the posterior aspect of the femur at the junction 
of the middle and upper thirds, the insertion being 2.5 cm. wide. 

The Adductor brevis arose from the pubis immediately beneath the 
adductor longus, by an origin 1.5 cm. wide ; it was inserted into the 
posterior aspect of the femur on a plane posterior to that of the 
pectineus. The muscle was supplied by the obturator nerve. 

The Adductor magnuSy a large bulky muscle, arose from the pubic 
bone opposite the whole extent of the symphysis immediately subjacent 
to the gracilis, and on the same plane as the adductor brevis at its 
origin. The attachment of origin extends back along the descending 
ramus of the pubis and the ascending ramus of the ischium to within i 
cm. of the tuberosity of the ischium. The lower, or inner border was 
thick and rounded, whilst the upper (or outer) was thin and attenuated. 
The lower part of the muscle was inserted by a rounded tendon into the 
internal condyle of the femur, the lowest fibres passing to the internal 
lateral ligament of the knee joint. The muscle above this point is 
inserted into the posterior aspect of the femur in a plane posterior to the 
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adductor brevis, longus and pectineus, extending as high up on the shaft 
as the lower limit of the upper fifth of the bone. The muscle is 
supplied by the obturator nerve. The femoral vessels crossed over 
the anterior surface of the adductor longus near its insertion, and passed 
through the adductor magnus. 

The Adductores femaris are, according to Bischoff, particularly strongly 
developed in all apes. In the Orang he was only able to distinguish the 
adductors longus and magnus ; in all other apes investigated by hiin, 
including the Gorilla, Chimpanzee and Gibbon, he found the adductor 
group in five muscles, not only the pectineus, adductor magnus, longus 
and brevis, but an additional muscle arising from the crest of the pubis 
This additional muscle from the crest Duvempy^ described in the 
Gorilla as a part of the pectineus. 

Thit floor of Scarpa's triangle. From without inwards, the floor was 
formed by the iliacus, psoas, pectineus and adductor longus. The 
adductor brevis was entirely hidden from view, and there was a triangrular 
interval between the psoas and pectineus (with the base uppermost), the 
floor of which was formed by the anterior ligaments of the hip joint 
covering the head of the femur. Passing down in the inner portion of 
the triangle was the femoral vein, lying in direct contact with the ramus 
of the pubis, and the anterior capsule of the hip joint and the femoral 
artery lying upon the inner edge of the psoas. The anterior crural 
nerve was separated from the femoral vessels by an interval of 2 cm. at 
the base of Scarpa's triangle, and lay upon the iliacus muscle. 

The Psoas arose from the bodies of the lumbar vertebrae, and from 
the transverse processes. A well-developed Psoas parvus lay on the 
anterior aspect of the psoas. It arose from the body of the first 
lumbar vertebra and was inserted into the pubis. Hepburn found a 
psoas parvus in each of the four anthropoids. Fick also found it in 
the Orang and Bischoff in the Gorilla The Iliacus arose from the 
concavity of the ilium. These two muscles (constituting the ilio-psoas) 
were inserted into the lesser trochanter of the femur. They lay in the 
same plane at the base of Scarpa's triangle, but afterwards the psoas 
came to lie in front of the iliacus and was inserted into the upper part 
of the lesser trochanter; the iliacus on the other hand, fully four times as 
wide as the psoas, was inserted into the lesser trochanter and into the 
shaft of the femur for i cm. below. 

The Rectus femoris (Plate VI, fig. 8, rect) arose by a single head frcnn 
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the anterior margin of the ilium at a point 3 cm. below the anterior 
superior spine, the width of origin being 2 cm., lying behind the iliacus 
and in front of the gluteus minimus; it passed into the thigh to join the 
quadriceps extensor muscle in the usual way. There was no reflected 
head of origin. Hepburn* found the double origin in the Orang, 
Chimpanzee and Gorilla, but not in the Gibbon. In establishing 
homologies between the muscles of the thigh and of the arm Hum- 
phrey* considered the rectus in the thigh to represent the scapular part 
of the triceps in the arm ; and the shorter deeper portion, extending more 
laterally, formed by the vasti and crureus in the thigh, as representing 
the humeral head of the triceps in the arm. 

The Vastus extemus (Plate VI, fig. 8, v.i.) arose from the anterior 
inter -trochanteric line and from a line skirting the lower part of the 
great trochanter. Posteriorly a part arose from the trochanter itself. 
This part of the origin of the vastus externus embraces the insertion of 
the scansorius. Below this point the vastus extemus arose from the 
postero-external aspect of the femur as low as the condyle, its origin 
here being immediately in front of the insertion of the gluteus maximus. 

The Vastus intemus arose from the antero-internal aspect of the 
femur as high as the root of the neck, its origin extending down to the 
internal condyle. 

The Crureus arose from the anterior aspect of the femur as high 
as the neck, extending down between the lines of origin of the 
external and internal vasti as in man. These various muscles united as 
in man to form ih^ quadriceps extensor cruris. This muscle is developed 
in apes as in man. 

The Gluteus maximus (Plate VI., fig. 8, g. max.) arose from the pos- 
terior part of the iliac crest, the back of the sacrum, coccyx, and the 
sacrosciatic fascia by an origin 6 cm. wide, and was inserted, the lower 
(posterior) fibres, by a rounded cord which was traced down the 
external aspect of the femur to the external condyle, teing intimately 
attached to the fascia lata throughout its whole extent. Most of the 
superficial fibres converged to this rounded tendon and have thus a 
fascial insertion, whilst the deep fibres were inserted into the femur by 
an attachment 1.5 cm. wide immediately external to the vastus 
externus, behind that muscle; the biceps lying posteriorly. The gluteus 
maximus was thus a very well developed muscle, and the proverbial 
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diminutive size of the nates in apes, which is usually ascribed to the 
ill-developed glutei muscles, was not demonstrated in my specimen. Fick 
also^ observed that the gluteus maximus, though relatively weak, was 
still a strong muscle in his Orang, its weight being 432 grms. whilst the 
gluteus maximus in a lean man was found by Langer to be 366 ^ms. 

The Gluteus tnedius (Plate VI., fig. 8) was a large well developec 
muscle, which arose from the dorsal surface of the ilium as far forwards 
as the anterior superior spine, and backwards over the whole extent of 
the iliac crest, and from the dorsal surface of the ilium below this, some 
fibres coming from the posterior sacro-iliac ligament. Along its pos- 
terior border it is joined by the pyriformis muscle. 

The Pyriformis is a narrow ribbon-like muscle arising from the 
anterior surface of the sacrum. It joins the gluteus medius on its deep 
aspect and proceeds to its insertion into the upper part of the g^eat tro- 
chanter, as in man. It was intimately connected with the gluteus medius. 
but it was possible to separate them entirely from one another. It is 
customary, according to Bischoff, to find these two muscles closely con- 
nected in apes. Hepburn found them blended in all four anthropoids. 
The muscle is present in all apes. 

The Gluteus minimus (Plate VI., fig. 8, g.min.) arose from the margin 
of the great sacro-sciatic foramen, and slightly from the dorsal surface 
of the ilium below this by an origin 2.5 cm. wide; it passed outwards 
beneath the pyriformis and the gluteus medius and was inserted into 
the anterior margin of the great trochanter. 

The Scansorius (Plate VI., fig. 8, scan.) arose from the anterior 
margin of the ilium below the anterior superior spine by a broad base 
of origin 3.5 cm. wide, the muscle being triangular in shape. It was 
inserted by its apex into the anterior border of the great trochanter by 
an insertion 1.5 cm. wide immediately in front of the gluteus medius 
and is embraced at its insertion by the vastus externus. This well- 
developed muscle lay at its origin between the gluteus medius behind 
and the iliacus in front. The narrow ill-developed sartorius separates 
the iliacus from the scansorius, whilst the rectus also separates these two 
muscles along the inner border of the scansorius. The muscle was vtxw 
distinct and separate from both the gluteus medius and the gluteus 
minimus. 

The scansorius is described by Fick as atypical Orang muscle. It is 
certainly best developed as a separate muscle in the Orang, whilst in 
the other apes (both anthropoid and lower apes) it is more or less 
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blended with other muscles. Fick* described it as a muscle wholly 
separate and distinct in his first Orang, whilst in the second Orang 
dissected by him* the muscle was superficially united with the gluteus 
medius. BischofP also describes the scansorius in the Orang as a 
separate muscle, and so too do Huxley,* Owen,* Hepburn,' and 
Langer,^ whilst Chapman^ figures the muscle, but looks upon it as a 
portion of the gluteus minimus. Gratiolet and Alix* in their descrip- 
tion of the Chimpanzee describe the gluteus medius and the gluteus 
minimus together as forming a single muscular mass, and the anterior 
portion of the muscle sheet thus described would correspond to the 
scansorius, although not so designated by them, and certainly not 
existing as a muscle completely separate in their specimen. Hepburn* 
however describes it as a separate muscle in the Chimpanzee, as do also 
Huxley^® and Owen,* whilst BischofT and Champneys*^ describe it 
in the Chimpanzee as closely connected with the gluteus minimus. 
Macalister^* found it attached to the gluteus medius in one Chimpanzee 
and to the minimus in another. In the other anthropoids, namely the 
Gibbon and the Gorilla, it -has not been described as a separate muscle 
save in the foetal Gibbon where Deniker" found it well marked, whilst 
in the fcetal Gorilla it was not completely separated from the gluteus 
minimus. Bischoff" and Hepburn^ both found it united with the 
gluteus minimus in the Gibbon, whilst Huxley^* states that it is 
not very distinctly represented in that animal. In the Gorilla it has 
not been described as a separate muscle. Duvernoy in his description 
of this region in the Gorilla^^ makes no mention of the scansorius, 
BischofT* says it fails in the Gorilla, but the gluteus minimus arises 
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from the anterior iliac margin, and similarly Hepburn^ describes it as 
blended with the gluteus minimus. On the other hand Macalister' 
describes it as uniting with the gluteus medius (not minimus) in the 
Gorilla. Concerning the occurrence of the muscle among the lower 
apes, Huxley* tells us that in Cynopithecinae the scansorius is found, 
but that it is sometimes blended with the gluteus minimus. Bischoff/ 
whilst he states that it fails in the lower apes generally, mentions that 
it is represented by a weak bundle in Cynocephalus, Cercopithecus and 
Macacus. 

Thus we find that the scansorius is best developed as a separate 
muscle in the Orang and the Chimpanzee among anthropoid apes, and 
in all other apes it varies very considerably in its development, and is 
usually blended with the gluteus minimus or the gluteus medius, com- 
monly the former. 

The scansorius would thus appear to have more or less intimate connec- 
tion with the gluteus medius and minimus. Fick combats the suggestion 
of Henke that it is developed from the iliacus, on the ground that the 
sartorius muscle intervenes between these two muscles ; in my specimen 
I not only found the sartorius intervening but also the rectus. Bischofl*, 
too, refers to the rectus intervening between the ilio-psoas, and what he 
believes to be the representative of the scansorius in the Gibbon. 

The function of the scansorius muscle was demonstrated by Owen,* 
who called it the " Invertor femoris," holding that it was a powerful 
rotator of the thigh and could have very little effect in drawing the thigh 
up. He states r^arding the muscle "that it appears rather to have 
reference to that structure in the hip joint which, in the Orang especially, 
from the absence of the ligamentum teres, and in the Chimpanzee, from 
the yielding texture of that ligament, permits a greater extent of inward 
rotation than can be accomplished in man." Fick* questions the 
appropriateness of calling this muscle the climbing muscle. Flexion of 
the femur which is carried out to a limited extent by the scansorius, is a 
movement performed in climbing, but there are many other more 
powerful flexors of the femur. Then the scansorius rotates the thigh 
inwards in a forcible manner, and this is apparently its chief action. 
The ape, however, does not appear to rotate the thigh inwards in 

I Loc cit., p. ^5. 
a Loc ctt., p. 504. 

3 Loc at,, VoL II, p. 40. 
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climbing. If it did so it would necessarily throw the leg and foot out- 
wards at the same time, in consequence of the fact that the knee is 
flexed and never straight in the Orang ; as a matter of fact, in climbing 
upwards the ape applies the sole of the foot to the tree, whilst the thigh 
IS abducted and rotated out. The ape thus climbs in a different fashion 
from that in which a boy would climb a pole, with thighs adducted and 
rotated in and with the knees hard pressed inwards. Fick states, 
however, that man in climbing with naked feet, as for example, the child 
of a Malay negro, will cUmb as the ape does, with the soles of the feet 
applied to the trunk of the tree and with thighs rotated out. This action 
of flexion of the femur with rotation outwards is not the function of the 
scansorius but of the ilio-psoas. In this sense, therefore, the name 
scansorius is inapplicable. Fick admits that the scansorius may be 
brought into action when the ape is climbing from one branch to 
another, when, he observes, the animal very frequently performs this 
movement with flexed thigh rotated inwards. 

The scansorius muscle was flrst described and named by Traill 
(quoted by Bischoff, from Memoirs of the Wernerian Nat. His. Soc., Vol. 
III., p. 29, 1821) in the Chimpanzee. According to Testut^ there is fre- 
quently found in man a small fasciculus more or less differentiated from 
the gluteus minimus anteriorly, which passes to be inserted into the 
great trochanter ; this Testut considers the representative of the scan- 
sorius in man. This fasciculus, he adds, exists normally in a large 
number of mammals. 

The weak development of the glutei muscles in general in man is 
to be ascribed to the erect attitude, whilst again the comparatively 
strong development of that part of the gluteus maximus in the ape which 
proceeds down the thigh — in my Orang as far as the external condyle — 
is associated with climbing, the thigh being carried back with consider- 
able force by that part of the muscle. 

The Tensor fascia fentoris was entirely absent in my Orang. Bischoff 
states regarding it that the fascia lata is more weakly developed than 
in man, and the muscle is scarcely present as an independent muscle in 
any instance, but may be represented by a few fibres derived from the 
anterior part of the gluteus maximus. This agrees with the freer and 
more isolated action of the thigh muscles in apes, as is necessary in 
climbing, whilst in man these muscles are required to be more firmly 
bound together in the erect position and in walking. 

I Loc. cit.. Vol. I. pt. a. p. 837. 
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The Obturator intemus arose as in man, and passed over the lesser 
sciatic notch, where it is joined by a well-developed Gemellus inferior 
and a less strongly developed Gemellus superior. The muscle wa> 
inserted into the upper part of the great trochanter behind the insertion 
of the pyriformis and in contact with the capsule of the hip joint Fick 
likewise describes the superior gemellus as weak in the Orang, whilst 
Hepburn found them both well developed. Bischoff in the Gorilla 
found the obturator internus completely blended with the quadratus 
femoris. 

The Obturator extemus arose as in man and, appearing between the 
obturator internus and quadratus femoris, it found insertion into the 
inner part of the great trochanter just behind the obturator internum. 

The Quadratus femoris was a well-developed muscle It arose from 
the outer part of the ischial tuberosity by an origin 1.5 cm. wide and 
was inserted into the posterior part of the great trochanter and the shaft 
of the femur below this process. Langer* found the muscle closely 
connected with, and hardly separable from, the adductor magnus, and he 
therefore looked upon it as one of the adductor group. The muscle is 
sometimes blended with the great adductor in man. 

The Semitendinosus arose from the tuberosity of the ischium and the 
bone immediately in front of this by an origin i cm. wide, and was 
inserted into the tibia, the tendon expanding to have a wide attachment 
(2 cm.) into the antero-internal surface of the tibia behind the insertion 
of the gracilis. Rudolf on the right side found a second head of origin 
coming from the ischial ramus and joining the muscle i)^ inches from 
its insertion. 

The Biceps arose from the outer part of the tuberosity of the ischium, 
immediately posterior to and slightly in front of the semitendinosus. 
The two were closely associated at their origin. The muscle was 
inserted along the whole length of the lower two-thirds of the shaft of 
the femur, immediately behind the origin of the vastus extemus, also 
into the external lateral ligament of the knee joint, the external tubero- 
sity of the tibia, the head of the fibula and into the fascia on the outer 
surface of the upper part of the leg. Associated with this muscle is 
another (the femoral head of the Biceps in man) which arose from the 
shaft of the femur immediately behind (i.e., internal to) the line of the 
femoral insertion of the biceps as described above. The line of origin 
was 4.5 cm. wide. The muscle passed to be inserted into the fascia of 

I Loc. cit., p. 187. 
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the leg extending downwards from the level of the knee joint; the fascia 
over the muscles of the leg being here very strongly developed. 
Fick* describes the ischio-femoral portion of the biceps as the direct 
antagonist of the scansorius, the action of the former muscle being to 
extend the hip and to rotate it outwards ; both these muscles are absent 
in man. Langer* describes the long head of the biceps as in part going 
to be inserted into the patella, and he characterizes it as the great 
" sprungmuskel " which, in quadrupeds, is capable of extending all three 
joints, hip, knee and ankle. In Langer's Orang connection with the 
tendo Achillis alone was absent. The ischio-femoralis is sometimes 
joined with the gluteus maximus in the Orang, but more frequently is 
completely separate. In the Gorilla, BischofP describes the two heads 
of the biceps, but states that the long head is not inserted into the linea 
aspera as in the Orang, but passes to the head of the fibula and the 
fascia cruris. In the Chimpanzee and the Gibbon, according to the 
same authority, the Biceps is most human-like but extends also into the 
fascia cruris. In the lower apes the biceps has only one head — the long 
head — which is inserted, not into the fibula, but into the tibia ; this fact is 
noted by Bischoff and by Huxley.* Hepburn found both heads 
present in the Orang, and, whilst one was inserted into the fibula and the 
other into the tibia, there was no femoral attachment. The biceps has 
been found in rare cases inserted in part into the tendo Achillis in man 
(Testut). 

The Semimembranosus arose external to the point of attachment of 
the semitendinosus from the posterior part of the tuberosity of the 
ischium and the bone immediately in front of this (0.75 cm. wide) ; it 
was inserted into the inner aspect of the head of the tibia. 

The absence of a ligamentum teres in the hip joint was noted. No 
vestige of this structure could be found ; the head of the femur present- 
ing an unbroken surface smooth throughout. One could not determine 
any definite ilio-femoral ligament, although the capsule of the hip-joint 
was thickened anteriorly in the line of its usual development. 

The shortness of the hamstring muscles in the Orang and their low 
attachment, removed some distance below the knee, prevent complete 
extension of the leg at that joint, and this inability to extend at the 
knee is necessarily still further increased when the hip-joint is flexed. 

I Loc. cit. I, p. 39. 
a Loc. dt., p. 187. 

3 Loc dt. a, p. a I. 

4 Loc. dt. Vol. II, p. 40. 
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A Strong fascia covered the muscles of the calf. The anterior annu- 
lar ligament of the ankle-joint was a well-developed structure consisting 
of two distinct bands, the upper passing from the internal malleolus 
outwards to be attached to the lower part of the fibula ; the lower hav- 
ing a broad attachment to the external malleolus, becomes somewhat 
narrowed as it is attached to the fascia on the inner side of the foot 
below the internal malleolus. The external annular ligament too was 
well developed as it passed over the peronei muscles, as was also the 
internal annular ligament over the structures at the inner ankle. 

The Tibialis anticus arose from the anterior aspect of the upper half 
of the tibia, from the external tuberosity and the interosseous mem- 
brane, and from the fascia over the muscle. The muscle became tendi- 
nous immediately above the ankle, where two tendons are readily 
distinguishable. The smaller one, which arose from the fleshy fasciculi 
of the anterior and outer part of the muscle, was inserted into the base 
of the first metatarsal bone at the junction of the inner and plantar 
surfaces. The larger tendon (three times the size of the former) was 
inserted into the internal cuneiform bone. The slip inserted into the 
first metatarsal bone acts as a strong abductor of the great toe, as does 
also the extensor longus hallucis. 

The tibialis anticus in certain of the anthropoid apes is more or less 
completely divided into two muscles. In man we have a single muscle, 
and a single tendon which, however, divides at its extremity to be 
inserted into the internal cuneiform and the first metatarsal bone. This 
double insertion in man is an indication of the complete separation into 
two portions occurring in some apes. In the Orang and Chimpanzee 
BischoflP found this division complete, and, in fact, in the Chimpanzee 
he found a third tibialis anticus arising in common with the extensor 
longus digitorum, but completely separated from it, and dividing into 
two tendons at the ankle to be inserted into the inner margin of the 
foot In the Gibbon, Bischoff found a single muscle with a single ten- 
don passing to the internal cuneiform bone. Huxley,' however, found 
a double insertion of the muscle in that animal. In the Gorilla, Bis- 
choflP and Duvernoy* describe the muscle as in man, its tendon 
dividing for insertion into the first metatarsal and the internal cunei- 
form. In all other apes, BischoflP asserts, the tibialis anticus is double. 
It would appear, therefore, that in all apes the double insertion is almost 
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invariable ; in this respect it may be compared to the extensor ossis 
metacarpi pollicis in the hand. 

The Extensor longus hallucis arose from the upper fifth of the fibula 
and from the interosseous membrane, the line of origin being very 
short, and was inserted into the great toe, with similar relations to those 
in man. Fick* observed in an Orang a tendon given by this muscle to 
the second toe. BischofT states that in all apes this muscle resembles 
that of man, but, except in the Gibbon, it does not extend along the 
dorsum of the foot as in man, but goes with the tibialis anticus to the 
inner side (the latter muscle being attached to the internal cuneiform), 
and runs along the inner margin of the foot to the first phalanx. The 
muscle must in its direction act on the great toe as an abductor as 
well as an extensor. In the Gibbon alone the tendon runs a course 
similar to that in man. 

The Extensor longus digitorum arose from the internal tuberosity of 
the tibia and the intermuscular septum, also from the head of the fibula 
and the interosseous membrane, the origin being only 1.5 cm. wide. It 
was inserted into the four outer toes. 

Extensor brevis digitorum arose from the outer and superior surfaces 
of the OS calcis. It was closely associated at its origin on the outer 
side of the foot with the insertion of the peroneus brevis. It was 
inserted into the four inner toes, having a similar relationship to the 
extensor longus digitorum as in man ; that for the great toe formed a 
separate and distinct muscle, running almost at right angles to the main 
part of the muscle, and passed to the great toe with the extensor longus 
hallucis. Duvernoy' describes this slip in the Gorilla as a separate 
muscle of the g^eat toe. Langer* describes in the foot a similar 
interdigital membrane to that found in the hand, the toes being 
thus even more sunken in the foot than are the fingers in the hand. 

The Peroneus tertius was absent, as is the case apparently with all 
apes, both the anthropoids and the lower ape^. This muscle is peculiar 
to man among mammals, and there is some evidence that its develop- 
ment has to do with the erect attitude assumed by man. Ramsay 
Smith* believes that it serves an important function in preventing 
spasmodic extension of the ankle joint in ordinary walking. This, 
according to Smith, occurred in cases where the muscle was paralysed. 

I Loc. dt. a» p. 303. 
a Loc. du p. 103. 
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The Peroneus longus arose from the head of the fibula on its outer 
aspect, and from the intermuscular septum, the line of origin being 
2 cm. long. The musculo-cutaneous nerve passed between the upper 
part of the muscle and the fibula ; the muscle became tendinous at the 
junction of the lower and middle thirds of the leg ; the tendon grooved 
the cuboid bone, and passing inwards across the sole of the foot, it was 
inserted into the base of the first metatarsal bone at the junction of the 
plantar and outer margins. The peroneus longus had also a very defin- 
ite slip of insertion into the fifth metatarsal bone. Fick' also describes 
this double insertion in the Orang. 

The Peroneus brevis arose over 4.5 cm. of the outer side of the fibula, 
along an oblique line extending from above and in front, downwards 
and backwards to the posterior aspect of the bone immediately above 
the external malleolus. The upper limit of its origin was as high as the 
junction of the upper and the middle thirds of the bone. It was 
inserted into the base of the fifth metatarsal bone, and into a tendinous 
arch extending from the os calcis to the base of the fifth metatarsal 
bone (" abductor ossis metatarsi quinti " of Huxley). This extensive 
and strong insertion band of the muscle gives rise to certain fibres of 
the abductor minimi digiti. Some of the tendon fibres of the peroneus 
brevis were directly continuous with the peroneus longus tendon in the 
sole. 

Bischoff,' in comparing the peroneus longus in man and apes, 
refers to the fact that on account of the saddle shape of the joint 
between the cuneiform and the first metatarsal, and of the more isolated 
position of the great toe in the ape as compared with man, the peroneus 
longus in the ape acts in bringing the great toe into opposition with the 
other toes, whilst in man it acts on the anterior part of the foot as a 
whole. 

Bischoff describes another muscle in the ape, the Peroneus 
parvus} This muscle, he says in lower apes exists as a fourth per- 
oneus. It lies between the longus and brevis arising from the fibula. 
It becomes tendinous in the leg, and extending to the outer margin of 
the foot passes to the first phalanx of the little toe, where it unites with 
the tendon of the flexor digitorum communis longus. This muscle, 
Bischoff states, evidently corresponds with the well-known tendon which 
almost always in man goes from the tendon of the peroneus brevis and 

I Loc. cat. I, p. 4a. 
a Loc. cit. I, p. 339. 
3 Loc. cit. I, p. 930. 



PRIMROSE : THB ANATOMY OF THE ORANG OUTANG 6l 

joins the extensor tendon of the little toe, derived from the extensor 
digitorum communis longus. Huxley* describes this muscle in the 
lower apes ; he calls it the Peroneus quinti digiti. The muscle appears 
to be very uncommon in the anthropoid apes, although Bischoff thought 
that possibly a tendon coursing along the outer margin of the foot, which 
proceeds from the tendon of the peroneus brevis and is inserted with 
the extensor tendon of the little toe, might be looked upon as a rudi- 
ment of the peroneus parvus in the Gorilla. He found this tendon also 
in the Chimpanzee, as also did Gratiolet and Alix.' This tendon has 
apparently not been found in the Orang, but Huxley* describes in the 
Chimpanzee a muscular slip arising from the calcaneum apparently 
detached from the abductor minimi digiti, and ending in a tendon in- 
serted into the base of the fifth metatarsal bone. This, Huxley suggests, 
might be called the ^'abductor ossts metatarsi quinti" This corresponds 
precisely to the tendinous arch which I describe in the Orang in con- 
nection with the insertion of the peroneus brevis, and possibly represents 
a rudiment of the peroneus parvus. 

Fick* has described a peroneous parvus in the Orang. Hitherto 
it was held that it did not exist in anthropoids, and apparently it is of 
rare occurrence among those apes, as this is the only instance in which 
I find its presence noted, although carefully sought for by various 
observers. 

Ruge* makes some interesting observations on the peroneal group 
of muscles. He considers that the peroneus longus tendon in the 
mammalia wanders from the anterior to the lateral part of the 
limb. Thus in camivora it originally lies on the anterior surface of the 
fibula, in rodents the tendon at one time lies upon the lateral aspect of 
the external malleolus and at another time behind it. In the ape the 
tendon lies in a special synovial sheath separated from the brevis, whilst 
in man they lie both together in the same synovial sheath. Ruge 
evidently considers the extensor brevis digitorum to be derived from 
the peroneal group, and represents it as wandering toward the dorsum 
of the foot, as would appear by studying its relation in different mam- 
mals. In marsupials, only two bellies pass over for insertion into the 
first and second toes. In rodents and insectivora three bellies exist for 
the first, second and third toes ; and in carnivora, apes, and man, there 

I Loc. cit, Vol. II, pp. 40, 94, 134. 
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are muscle bellies for four toes, viz. : the first, second, third and fourth. 
whilst that for the fifth toe still retains its original position amon^ the 
peronei. 

The Gastrocfumius. The outer head arose from the posterior aspect 
of the external condyle, and by a few fibres from the posterior ligrament 
of the knee joint The fibres of origin were closely associated with 
the flexor digitorum fibularis, the latter having a femoral origin behind 
the external condyle immediately internal to and above the place of 
attachment of the gastrocnemius. The inner head arose fronri the 
femur immediately above the internal condyle and from the posterior 
ligament of the knee joint Langer and Fick both observed the 
connection of the outer head with the flexor digitorum fibularis. The 
muscle is not nearly so well developed as in man. 

The SoUus arose by a narrow attachment (i cm. wide) from the 
posterior part of the head of fibula ; this was joined by a delicate, thread- 
like, distinctly tendinous structure which descends from the outer and 
posterior surface of the tibia. Macalister^ found a trace of a tibial 
head in the Chimpanzee, but all other observers (Huxley, Fick, Langer, 
BischofT, etc.,) state that the tibial head of the soleus is absent in ail 
apes. The soleus and gastrocnemius unite in a tendo Achillis which 
is wholly tendinous at a point 3 cm. above the heel. In FickV Orang 
the fleshy fibres of the muscle extended down to its insertion into the 
OS calcis, and this condition is held by him to be characteristic of 
anthropoids as compared with that found in the lower apes and in man. 
Bischoif agrees with this statement excepting in the case of the Gibbon, 
in which the tendo Achillis, according to him, is developed as in man. 

The Popliteus arose from the outer condyle of the femur within the 
knee joint passing through the posterior ligament of the knee. The 
muscle was overlaid at its origin by the outer head of the gastrocnemius 
and the femoral head of the flexor longus hallucis. It was crossed 
about its middle by the inner head of the gastrocnemius. Rudolf found 
on the right side that its nerve entered the superficial surface. It \fc'as 
inserted into the posterior surface of the tibia in its upper fifth and 
along the inner border of that bone extending down from the internal 
tibial condyle for one-fourth of the length of the bone. Langer and Fick 
both describe sesamoid bones in connection with the tendons of origin 
of the popliteus in the Orang. Humphrey* looks upon the popliteus 
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jn the leg as the homologue of the pronator radii teres in the forearm. 
The occasional second head of origin of the muscle from the fibula in 
man may correspond to the ulnar origin of the pronator. Bischoff* 
admits that pronation is possible to some degree in the knee of the 
ape, whilst in man of course the popliteus acts only as a flexor. 
Melzer* considers the homologies to be as follows : 

Supinator longus | Gastrocnemius l*""*^"" ^^^- 

Pronator teres (humeral head)/ vouter head. 

Pronator teres (ulnar head) Popliteus. 

Macalister* looks upon the inner head of the gastrocnemius as the 
homologue of the pronator radii teres. It is superficial and not deep like 
the popliteus, and this fact he considers to be in favour of his hypothesis. 

The Plantaris was absent and it would appear that the muscle is very 
rarely present in anthropoid apes. The only instance in which it was 
found in the Orang was in that dissected by Sandifort, who is stated by 
Fick* to have found it in that animal. It is frequently absent in man. 
Whilst the plantaris is almost invariably absent in anthropoid apes, it is 
well-developed, according to Bischoff,* in the lower apes (Cynocephalus, 
Cercopithecus, Macacus and Pithecia), forming a strong tendon passing 
under the posterior part of the os calcis, and it may be followed into the 
sole where it joins the plantar fascia. Bischoff,* however, found a slightly 
developed plantaris arise on both sides in the Chimpanzee, and in this 
animal, too, it has been described by Macalister^ as present on the right 
side in one Chimpanzee and absent on both sides in another Chimpan- 
zee. It is, however, frequently absent in this animal, and with the 
exception of the one instance recorded by Sandifort in the Orang, it has 
not been found in any of the other anthropoid apes, although carefully 
sought for, and its absence recorded by various authors. The plant- 
aris in the leg doubtless corresponds to the palmaris longus in the fore- 
arm and has the same relation to the plantar fascia that the latter 
muscle has to the palmar fascia (see page 33). Thus Sutton* holds that 
the plantar fascia is derived from the degeneration of the distal end of 
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the plantaris muscle. We find the muscle in a more fully developed 
condition in the lower mammalia. Cunningham^ described it fr 
the marsupials. In Thylacinus this muscle arises in common with the 
outer head of the gastrocnemius and remains fused with its under 
surface for a considerable distance. It ends in a strong tendon which 
proceeds downwards along the inner side of the tendo Achillis to the 
heel, where it expands and, passing superficially to the tendo Achilliv 
enters the sole. Here it spreads out in the form of a plantar fascia which 
divides into three slips for the index, medius and annularis. The 
plantar fascia is not attached to the subjacent muscles, and each of its 
terminal slips bifurcates to embrace the metatarso-phalangeal joint and 
is attached to the ligamentous structures around that articulation. 
Sutton describes a somewhat similar arrangement in the Armadilla 
In higher mammalia it would appear that, owing to the backward 
growth of the os calcis the plantaris is shut off from its direct connection 
with the plantar fascia, and terminates by being inserted into the os 
calcis itself 

The Flexor digitorum fibularis (the flexor longus hallucis of human 
anatomy), was a very large bulky muscle of extensive origin from the 
posterior aspect of the external femoral condyle where it embraced the 
origin of the outer head of the gastrocnemius, also from the posterior 
and external lateral ligaments of the knee joint, the posterior aspect of 
the fibula as low as the junction between the middle and lower thirds, 
also from the fascia between it and the peronei muscles. 

The Flexor digitorum tibialis (the flexor longus digitorum of human 
anatomy), was also a very bulky muscle and arose from the posterior 
aspect of the tibia immediately external to the attachment of the 
popliteus muscle as high up as the head of the tibia ; it was attached 
along a line running downwards and inwards to the inner mai^in of the 
tibia at the junction of its upper and middle thirds. This portion of the 
muscle is joined by a well developed band of fibres descending from the 
fascia over the lower part of the popliteus muscle. These fibres may be 
traced upwards, and are found attached to the inner tuberosity of the 
tibia. Another very distinct head of origin of this muscle arose from 
the fascia over the tibialis posticus muscle, and extended as far as the 
inner margin of the fibula. 

The two muscles just described, viz., the flexor digitorum fibularis 

t D. J. Cunningham, ** Report on the Maraupialia, with an Account of the Comparatiye Anatcm; 
of the intrinnc Mueclea and Nerves of the Mammalian Pet.** Report of the Voyage of H. M. S. ** Chal- 
lenger,* Vol V, t88a, Part XVI, p. 41. 
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and the flexor digitorum tibialis, both became tendinous immediately 
above the inner ankle, and proceeded towards the sole of the foot. They 
passed behind the inner ankle, where they lay in separate osteo-fibrous 
canals, separated from one another by a well-defined fibrous partition, 
the nerves and vessels which pass into the sole lying on a more superficial 
plane immediately over the fibrous septum between the muscles. The 
flexor digitorum fibularis was confined in a groove in the posterior part of 
the astragalus and passed immediately subjacent to and in contact with 
the sustentaculum tali of the os calcis, the flexor digitorum tibialis 
occupying a position anterior to this. In the sole of the foot the two 
muscles crossed one another, the tendon of the flexor longus tibialis 
occupying the more superficial position. From the flexor longus tibialis 
a considerable contribution was given to the flexor brevis digitorum 
to be presently described, and from the same source the deep flexor 
tendons were supplied for the second and fifth toes, whilst the deep flexor 
tendons for the third and fourth digits passed from the flexor digitorum 
fibularis. Four lumbricales existed in connection with these deep 
flexors. The first lumbrical was attached solely to the tibial side of the 
tendon of the flexor digitorum tibialis for the second toe. The second 
and third lumbricals were connected with the tibial side of the tendon of 
the flexor digitorum fibularis for the third aud fourth toes. The fourth 
lumbrical arose by two heads, one from the tibial side of the flexor digi- 
torum tibialis of the fifth toe, and the other head from the fibular side 
of the tendon of the flexor digitorum fibularis of the fourth toe. 

The Flexor brevis digitorum was closely associated in the sole with 
the tibial and fibular flexors. It was a well-developed muscle, and 
arose from the inferior and inner aspects of the os calcis by an ori- 
gin 2 cm. wide. It was inserted into the four outer toes. The ten- 
don for the third toe was the strongest, and received the bulk of the 
fleshy fibres of the muscle. This tendon split into two portions, which 
passed to be inserted into the ventral aspect of the middle phalanx at 
its base, allowing the tendon of the flexor digitorum fibularis to perfor- 
ate and pass beneath in the usual fashion. Thejdivision to the second 
toe was similar in its relations, but was not as strongly developed. The 
division for the fourth toe was very delicate, its tendon being very fine 
and thread-like. This delicate tendon was joined by a well-developed 
tendon, which was derived from a bundle of fleshy fibres in the sole, 
having their origin from the flexor digitorum tibialis opposite the inner 
ankle. The tendon for the fourth toe, being so constituted by fibres 
derived from the two muscles named, passed on and split to allow the 
perforating tendon (flexor digitorum fibularis) to pass beneath, and had 
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similar attachments in the fourth toe to those described for the shon 
flexor in the third toe. The tendinous slip for the fifth toe was 
extremely delicate, and was joined by a slip (which seemed to be wholly 
tendinous) from the flexor digitorum tibialis of similar character and 
connections as that described for the fourth toe. It will be observed 
that the flexor digitorum flbularis gave no tendon for the hallux. 

It would appear that the distribution of the flexor digitorum flbularis 
to the third and fourth toes is very constant, occurring, according to 
Bischoff', in all apes,* and further in all apes save the Orang, according 
to the same authority, a tendon is given by this muscle to the great toe. 
but this tendon is extremely weak, excepting in the Gorilla, where Bis- 
choff^ states that a very strong tendon to the hallux is found.' Duver- 
noy' describes and figures the flexor longus hallucis in the Grorilla as 
giving a very powerful tendon to the great toe, and also supplying the 
third and fourth toes. The tendon to the hallux fails utterly in the 
Orang. In Huxley's Gibbon,* the flexor digitorum flbularis was dis- 
tributed to the first, second, third and fourth digits, and the flexor 
digitorum tibialis was supplied to the fifth digit only. 

There can be no doubt that the flexor longus flbularis represents the 
flexor longus hallucis in man, and the flexor longus tibialis the flexor 
longus digitorum in man. Dobson* has traced the homologies of the 
long flexor muscles of the foot throughout the mammalia. In the 
human subject Turner* has shown that there is frequent communica- 
tion in man of the flexor longus hallucis with the flexor tendons of the 
four outer toes. Thus, in fifty specimens dissected, he found that in 
eleven cases such a communication existed with the second toe only ; in 
twenty cases, with the second and third toes, and in eighteen, with the 
second, third and fourth toes, whilst, in one specimen, there was a com- 
munication with the four outer toes. Schulze^ gives somewhat similar 
results, but has not observed a communication with the fifth toe. 

Huxley* observed a contribution to the flexor brevis digitorum from 
the flexor digitorum tibialis in the Gorilla, and in the Orang he also 

1 Loc. cit. I, p. a3a. 
at Loc. at. a, p. 30. 

3 Loc cit p. xxa, 

4 Loc dt., VoL I, p. 648. 

5 G. E. Dobson, ** On the Homolo^es of the Longr Flexor Muscles of the Feet of Macnmalta, witk 
Remarks on the Value of their Leading Modifications in Classification." Joum. of Anat. and Phys., VoL 
XVII, 1883, p. X4a. 

6 Loc. cit.. p. tSx. 

7 Loc cit.. p. I. 

8 Loc cit. Vol. I, pp. 533, 596. 
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noted a contribution similar to that I have described above in my 
Orang. He observed a remarkable deviation from the human type in 
Cynopithecinae where the flexor brevis pedis arose partly from the tendon 
of the plantaris (where this passes over the pulley-like hinder extremity 
of the calcaneum, to end in the plantar fascia) and partly from the long 
flexor tendons, so that it completely lost its connection with the os 
calcis.* Again, Turner' observed in man that the tendon of the short 
flexor for the little toe in one case arose from the common flexor 
tendon previous to the sub-division of that structure. Similar com- 
munications between the short and long flexors have been recorded in 
the apes by Bischoff.' Regarding variations in origin in man it may 
be noted that the flexor brevis sometimes arises from the cuboid bone, 
the cuneiform bones, or the bases of the metatarsal bones (Testut). 

The Flexor accessorius (The " Caro quadrata " of Sylvius). On the 
left side of my Orang there was not a vestige of this muscle, whilst on 
the right side Rudolf found a very thin muscle possessing two heads of 
origin from the os calcis, and inserted into the tendon of the flexor digi- 
tonim tibialis. 

Bischoff"* states that he has never found the accessorius in any 
anthropoid ape. But Langer,^ Pick,' and Chapman^ have found it 
weakly developed in the Orang. Hepburn* and Gratiolet and Alix* 
have found it in the Chimpanzee. Huxley*^ found it well developed in 
the Gorilla; it was also found in that animal by Hepburn and Macalister. 
As far as I am aware it has not been reported in the Gibbon. It would 
appear to be absent in most cases in the Gorilla. On the other hand 
according to Bischoff" and Huxley it is present in the lower apes. 

It has been suggested that the accessorius is present in young anthro- 
poids but disappears in the old ; this view is however not tenable as it 
has been described as absent in many young animals. Pick points out 
that in the foot of the Orang an accessorius muscle is not necessary, as 
the foot is always strongly supinated and the flexor tendons pull in a 
straight direction and not, as in the foot of man, obliquely. The 

I Loc. dt., VoL II, p. 40. 
a Loc cit., p. i86w 

3 Loc. dt. X, 331, and a, p. 30. 

4 Loc. dt a, p. 31. 

5 Loc dt, p. 140, 

6 Loc dt a, p. 304. 

7 Loc. dt. p. 164. 

8 Loc dt, p. 341. 

9 Loc dt, p. ao3. 

10 Loc dt. Vol. I, p. 538. 
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muscle undergoes considerable variation in man. Turner* found in t«'o 
instances that the flexor accessorius had an accessory muscle attached 
to it which arose from the deep fascia of the back of the leg in its lower 
third and joined below the inner margin of the flexor accessoriua h 
some instances this takes the place of the deep flexor tendon in one or 
other of the digits, the latter tendon for that toe being absent. The 
number of digits to which it is distributed in man is subject to 
considerable variation. According ' to Testut the muscle may be 
entirely absent in man, but this one would think a rare occurrence. 

The Tibialis posticus arose from the fibula and the tibia and the 
interosseous membrane in the upper third of the leg ; it was a ver}- 
definite but ill-developed muscle. The muscle became tendinous at 
the level of the junction of the middle and lower thirds of the tibia. It 
then passed over the posterior aspect of the lower extremity of the 
tibia, lying there in a well-marked groove near the inner margin of the 
bone and held in place by a strong band of fibrous tissue. It was com- 
pletely separated from the other tendons at the inner ankle by this band 
and passed under it into the sole of the foot The muscle was inserted 
into the under aspect of the scaphoid bone, a slip passing to the internal, 
the middle, and the external cuneiform bones, and to the sheath of the 
peroneus longus tendon. It thus resembles the condition found in 
man. 

The Plantar fascia was poorly developed, in fact hardly to be recog- 
nized as a definite structure, excepting in the posterior part of the foot 
Fick also remarks on the weakness of its development There was a 
very dense pad of fat and connective tissue over the heel. 

The Abductor hallucis arose from the inner and under part of the 
OS calcis, and was inserted into the tibial side of the base of the 
proximal phalanx. This muscle is well developed in anthropoids and 
apparently in all apes. In connection with it Langer* describes in the 
Orang a tendon which passes on to be inserted into the terminal 
phalanx of the great toe. This he compares to the condition found in the 
hand (see page 44) and considers it the representative of the flexor 
longus hallucis of man ; in the Gorilla he finds this tendon derived from 
the flexor digitorum fibularis. The muscle as described in our Orang 
resembles that found in man. On the right side Rudolf found under- 
neath the abductor hallucis a small but very distinct muscle which 

I Loc. cit., p. 184. 
a Loc. cit., p. IQ3. 
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arose from the annular ligament and was inserted into the under surface 
of the internal cuneiform. 

The Flexor brevis hallucis. The inner head arose from the portion of 
the tendon of the tibialis posticus which was inserted into the external 
cuneiform bone and from the sheath of the peroneus longus. It formed 
a well developed muscle 1.5 cm. wide, and was inserted into the base of 
the proximal phalanx of the great toe on its under and fibular side. 

The outer head (Interosseus primus volaris of Henle) was definitely 
demonstrated as a structure composed wholly of fleshy fibres .5 cm. 
wide arising from the base of the fibular portion of the first metatarsal 
bone and inserted into the outer aspect of the base of the proximal 
phalanx of the great toe, immediately under the insertion of the 
adductor obliquus. The outer head of the flexor brevis in anthropoids 
is weak and tends to unite with the adductor hallucis more or less inti- 
mately — thus Bischoff* found it in the Gorilla. 

The Opponens hallucis was well developed. It arose in common with 
the flexor brevis hallucis, but proceeded separately to its insertion into 
the whole length of the tibial border of the first metatarsal bone. 
Rudolf observed on the right foot that the opponens could naturally be 
split up into three more or less separate and distinct fasciculi or 
bundles. The opponens hallucis is very variable in its development in 
apes. Bischoff" states* that he only found it as a separate muscle in 
the Orang among anthropoids and in Macacus among lower apes. 
Huxley' discovered it in the Orang, and speaks of it as " a most 
remarkable muscle." At the time he writes (1864), he remarks that 
"this has not been described by other authors nor indeed is there any 
trustworthy evidence of the existence of such a muscle in any of the 
mammalia." Macalister, however,* subsequently found an opponens 
hallucis in the Gorilla although others have failed to find it in any of 
the anthropoid apes save the Orang. Brooks* records that whilst it is 
absent in all anthropoids (with the exception of the Orang) some of the 
fibres of the adductor transversus (and sometimes also of the adductor 
obliquus) in anthropoids are inserted into the metatarsal bone of the 
hallux and constitute a "second opponens" corresponding to the 
" adductor opponens " described by Bischoff" and Langer in the hand of 
the Orang. (See page 46.) 

I Loc cit. 4, p. a35. 

a Loc ciU, VoL I. p. 596. 

3 Loc dt., p. 506. • 

4 Loc cit, p. qo. 
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The opponcns hallucis is not always present in the Orang, and often- 
times it is extremely weak. Testut states that an opponens is sometimes 
found in man. " On trouve quelquefois, au-dessous de lui (j>., brevis 
hallucis), quelques fibres profondes, ins^r^s sur le metatarsien et con- 
stituant un veritable opposant du gros orteil^ homologue de Topposant du 
pouce ; mais ce muscle est rarement bien diflferenci^."* 

The Adductor obliquus hallucis and the Adductor transversus kalluds 
had a continuous origin from the bases of the third, fourth and fifth 
metatarsal bones, from the fascia over the interossei muscles, from the 
sheath of the peroneus longus and from a fibrous arch extending from 
the base of the fifth metatarsal to the middle of the second metatarsal 
bone. These muscles are inserted into the whole of the fibular and the 
greater part of the plantar aspect of the base of the proximal phalanx. 
The transverse and oblique muscles could be readily separated from one 
another, and a third portion was defined which had an insertion into the 
lower border of the first metatarsal bone. This, no doubt, represented 
the ** second opponens" described by Brooks as derived from the 
adductor obliquus. 

Fick' holds that the main function of the adductor hallucis in the 
Orang is opposition and not adduction. Brooks* describes in the Orang 
a portion of the adductor obliquus (inseparable at its origin from the 
rest of that muscle), which ended in a rounded tendon and which passed 
between the two heads of the flexor brevis, and running along in a well 
marked sheath in the middle line of the digit, was inserted into the base 
of the ungual phalanx. It took the place of the absent long flexor 
tendon. This may be compared with the description of similar con- 
ditions found in the hand of anthropoids and already noted (p. 44). A 
somewhat similar tendon is described by Gratiolet and Alix* in the 
Chimpanzee and the Orang ; the muscle arose along with the adductor 
transversus, and, passing over the proximal phalanx, was inserted into 
the base of the last phalanx. It was looked upon by these authors as 
representing the long flexor. Brschoff found in the Frankfort Orang on 
the left side a small tendon which in course and insertion corresponded 
to the flexor longus hallucis, but it arose from the fascia over the ball of 
the great toe.'' 

The tendency for intimate connection of the adductor hallucis with 

I Loc. cit., Vol. I, Pt. a. p. 88j. 
a Loc. at. i, p. 47. 

3 Loc. cit., p. 87. 

4 Loc. cit.. p. loa. 

5 Loc. cit. 1, p. 334. 
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the outer head of the flexor brevis has already been alluded to. Re- 
garding the development of the transverse and the oblique adductor. 
Bischoff states that in the Gorilla, the Orang, Cynocephalus and 
Cercopithecia, both muscles are strongly developed and are separate 
from one another, whilst in the Chimpanzee, Gibbon, Pithecia and 
Hapale they are both present but united. In Macacus they are both 
present but weak. 

The Abductor minimi digiti arose from the under aspect of the os 
calcis by two heads, one from the inner and one from the outer aspect of 
the bone, the inner head passing on the deep aspect of the flexor brevis 
digitorum. The muscle is also intimately united to the tendon of the 
peroneus brevis in the sole, from which it may be said to have an 
additional origin. This muscle terminated in a long tendinous structure 
which was inserted with the dorsal extensor expansion over the base of 
the proximal phalanx, and was attached also to the outer aspect of the 
proximal phalanx. 

The Abductor ossis metctcarpi quinti referred to on page lO, is closely 
associated with the abductor minimi digiti. It arose from the under 
aspect of the os calcis in common with the outer part of the flexor brevis 
digitorum and immediately overlying the inner head of the abductor 
minimi digiti. This structure is almost wholly tendinous in character. 
It was inserted into the outer and under aspect of the base of the fifth 
metatarsal bone. 

The Flexor brevis minimi digiti arose from the base of the fifth meta- 
tarsal bone, and was inserted into the outer aspect of the base of the 
proximal phalanx. Rudolf on the right side found a slip of origin from 
the cuboid. 

The Opponens minimi digiti arose from the sheath of the peroneus lon- 
gus, and was inserted into the whole length of the fifth metatarsal bone 
along its outer aspect The muscle was not found by Fick in the 
Orang. BischofT found it in the Gorilla 

The Interossei correspond in their detailed description to those of the 
hand. The third digit possessed two dorsal interossei lying in the inter- 
osseous spaces between the second and third and the third and fourth 
metatarsal bones. They arose from the dorsal surface and lateral 
margins of the two adjacent metatarsals ; but, in addition, each is joined 
by a fleshy belly arising from the plantar and lateral aspects of the third 
metatarsal bone, the fleshy bellies of the two muscles meeting in the 
plantar aspect of the bone. Thus the third metatarsal bone is com- 

I L:)C cit. a, p. 32. 
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pletely surrounded by the second and third dorsal interossei, with the 
exception of a narrow strip in the middle line on the dorsal aspect of 
the bone which is free from muscular fibres. 

The fourth dorsal interosseous muscle arose in a similar fashion fron 
the fourth and fifth metatarsal bones, but the third plantar interosseous 
takes the place of the plantar part of the fourth dorsal interosseous or 
the inner and plantar surfaces of the fifth metatarsal bone. The plantar 
portion of the second dorsal interosseous muscle is, in like manner, 
replaced by the first plantar interosseous on the second digit. The 
plantar portion of the third dorsal interosseous muscle is in like manner 
replaced by the second plantar interosseous muscle in relation to the 
fourth digit. 

The first dorsal interosseous muscle is very powerfully developed. Its 
origin from the first metatarsal bone, however, is confined to the base of 
the bone. Some slips of origin from the internal cuneiform also join 
this head. The outer head of this muscle has an extensive origin from 
the second metatarsal bone, completely covering that bone, in fact, on 
its inner surface, and extending to the middle line on its plantar and 
dorsal surfaces, meeting on the plantar surface with the first plantar 
interosseous. Between the two heads of this muscle the dorsal vessels 
pass to the dorsum of the foot. 

Fick* describes the intereossei in the Orang as like those found in maa 
In both man and apes one finds that one digit in both hand and foot 
possesses an insertion of two dorsal interossei, whilst the remaining digits 
possess only one dorsal interosseous muscle. In man it is the third digit 
in the hand, and the second digit in the foot; whilst, in my Orang, it was 
the third digit in both hand and foot In this respect, the foot of my 
Orang corresponded to the hand of either ape or man, and differed from the 
foot of man. Abduction or adduction in the foot of my Orang was from 
or to the third digit BischofT, in his first paper, asserts' that in all 
apes the arrangement of the interossei of <-he foot corresponds to the 
hand of man and apes ; but, subsequently, he found in the Gorilla an 
arrangement corresponding to the foot of man. Hepburn* found that 
abduction of the digits of the foot was from a line drawn through the 
second digit in the Gorilla and Chimpanzee, whilst in the Orang and 
Gibbon it was from a line through the third digit, as in my Orang. 

I Loc dt. I, p. 47. 
a Loc. dt. I, p. 235. 
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Gratiolet and Alix^ differed from Hepburn regarding the Chimpanzee, 
as they found abduction was from a line drawn through the third digit 
Thus, there is apparently some variation among the anthropoid apes, 
but the most common arrangement is abduction from a line through the 
third digit, and this, as far as my observation has extended, has 
al^w^ays been found to be the case in the Orang, excepting in Pick's 
example mentioned above. 

Attention has already been directed to the fact that the foot of the 
Orang resembles, in outward appearance, the human hand rather than 
the human foot This observation led naturalists to apply the term 
" quadrumanous " to those apes possessing such characteristics. The 
external characters of the foot of the Orang certainly suggest a hand 
rather than a foot Further, the foot of the Orang differs very materially 
in its external characters from that of man (compare the photographs of 
the hand and foot of man with those of the Orang). In considering the 
question as to whether the posterior extremity of the Orang possesses a 
hand or a foot, we must constantly have in mind the characteristic fea- 
tures of the human hand and the human foot with which to institute 
comparisons. It is not necessary to discuss at length the correspond- 
ences which are found in comparing the hand with the foot, but certain 
of the more obvious of these may be alluded to, and one is greatly aided 
in thus establishing homologies in man by reference to the lower ani- 
mals. In the hand we have five digits as in the foot, and we find that 
the bones of the fingers and toes, ix., the metatarsals and metacarpals, 
with the phalanges, correspond in number, and have sufficient individual 
resemblances to make it an easy task to recognize those bones of the 
hand which correspond to similar ones in the foot The carpal and 
tarsal bones are not so readily distinguished, but by referring both series 
of bones to a less specialized type of carpus and tarsus, one is able to 
establish very readily a series of probable homologies. The carpus or 
tarsus of the water tortoise has been suggested by Gegenbaur and Oscar 
Schmidt' for this purpose, and by referring the bones of the foot and 
hand to this simple form, we can determine the corresponding struc- 
tures. In the following table, taken from Quain's Anatomy,' an 
attempt is made to establish these homologies. The " typical names " 
here employed refer to the bones in the carpus or tarsus of such a gen- 
eralized form as the water tortoise : — 

X Loc. dt, p. x<)o. 

a Oscar Schmidt. " The Mammalia in their Relation to Primeval Times." London, 1895, P 3^ 
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TABLE OF THE HOMOLOGOUS BONES OF THE CARPUS AND TARSUS, 

Car^tu. Typicul Name*, Tmrsms. 

Pyramidal. . .Ulnare Fibulare \ q ^^i^u 



-.}■ 



' I Astragalus 



Pifliform Ulnare sesamoideumC?) . . . Fibulare scMiinoideuniC?; 

Lunar Intermediuon Intermedium 

(Radiale Tibiale / " 
Radiate sesamoideum (?).. Tibiale sesamoideum (?)..! \avicular 
Centrale Centrale / 

Trapezium. . . Carpale i Tarsale i Internal cuneiform 

Trapezoid . . . Carpale 2 Tarsale 2 Middle cuneiform 

Magnum . . Carpale 3 Tarsale 3 External cuneiform 

Unciform.. /^^T***^ 4 Tarsale 4 jcuboid 

(Carpale 5 Tarsale 5 J 

Thus it would appear that in the skeleton we have corresponding 
elements to deal with when we compare the hand with the foot Again 
in connection with the soft parts it is quite obvious that many muscles 
in the foot are represented by corresponding structures in the hand 
There is, however, room for considerable difference of opinion regarding 
homologies here, and whilst we are unable to go into this subject at 
length in this paper, we may consider it briefly. 

Broadly speaking, the flexor group of muscles in the leg may be 
regarded as homologues of the flexor group in the forearm, and the ex- 
tensors of the leg as homologues of the extensors of the forearm. Hux- 
ley^ suggested, with apparently good reason, that the popliteus of the leg 
arising from the external condyle of the femur corresponded to the prona- 
tor radii teres arising from the internal humeral condyle ; the fact that the 
external femoral condyle is the homologue of the internal humeral con- 
dyle being readily established by tracing the difference in direction of 
the rotation of the limbs in development. We find that pronation and 
supination are movements not possible in the leg, although Bischoff^ 
considers the peroneus longus and brevis to be pronators of the foot by 
raising its outer margin. He is therefore inclined to regard these 
muscles as performing similar functions to the pronators of the forearm 
in their action upon the hand ; similarly he would regard the tibialis 
anticus as a supinator in the foot These muscles, however (peronei 
and tibialis anticus), have as homologues in the forearm, according to 
Bischoff, the exterfsor carpi ulnaris and the two radial extensors, but 
these fail to raise the inner or outer margin of the hand as this moveipent 
is accomplished by pronation and supination of the hand as a whole. 
Bischoff would have us believe that whilst it is possible to establish 

I Loc. dt., VoL I, p. Z03. 
a Loc. cit. I, p. 336-7. 
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analogues and homologues for other muscles, the movements of prona- 
tion and supination in the forearm must be regarded as being performed 
by muscles which have no homologues in the leg. The suggestion of 
Melzer (see p. 63 of this paper), deserves mention in this connection. 
He regards the humeral head of the pronator radii teres as being repre- 
sented by the external head of the gastrocnemius, whilst the ulnar head, 
he claims, is represented by the popliteus. I, however, accept Huxley's 
view as the correct one and look upon the pronator radii teres of the 
forearm as the homologue of the popliteus in the leg. Melzer's view is 
not tenable ; there is good reason to look upon the gastrocnemius 
muscle as representing the flexor carpi radialis and the flexor carpi 
ulnaris of the forearm. 

Huxley^ asserts that the foot of man is distinguished from his hand 
by the following absolute anatomical differences : 

1. By the arrangement of the tarsal bones. 

2. By having a short flexor and a short, extensor muscle of the 

digits. 

3. By possessing the muscle termed peroneus longus. 

Bischoff^ questions the correctness of Huxley's assertion. He con- 
siders that both peronei muscles together form a muscle which has 
become doubled in the foot and represents, as we have stated, the single 
extensor carpi ulnaris in the hand. In similar fashion he considers that 
the single muscle which we describe as the tibialis anticus in the foot is 
doubled in the hand, being there represented by the extensores carpi 
radialis longior et brevior. Huxley, however, has shown conclusively 
that the tibialis anticus corresponds to the extensor ossis metacarpi 
pollicis (abductor longus pollicis). There can be no doubt of this ; the 
former is inserted into the first metatarsal bone and the internal cunei- 
form, whilst the latter is inserted into the first metacarpal bone and the 
trapezium. 

The distinctive difference which Huxley claims for the foot 
in possessing the short extensor and the short flexor is denied by 
Bischoff, who concludes that if we contrast these muscles with the 
tendons which we describe under the terms " perforans " and " perfor- 
atus " in the hand, we shall find homologous structures, but we may go 
further, and we find it easy to produce evidence to lead us to the 

I Huxley, " Eridences as to Man's Place in Nature." New York, 1890, p. Z07. 
9 Loc at. I, p. 936-7. 
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conclusion that the flexor sublimis digitorum of the hand has as its 
homologue in the foot the flexor brevis digitorum and the soleus, tbe 
latter muscle having been separated from the former by the growth 
backwards of the os calcis. Again in the case of the extensor brevis 
digitorum pedis we have in the hand as homologous structures the 
extensor minimi digiti and the extensor indicis. Huxley himself^ b 
discussing these two muscles in the Orang, called attention to the fact 
that in many of the lower mammalia the normal arrangement is to have 
a superficial and a deep extensor supplied to every digit. This arrange- 
ment is approached when we find, as in my Orang, the extensor minimi 
digiti passing to the fourth and fifth digits, and the extensor indids 
passing to the second and third digits. In the dissecting room of the 
University of Toronto, I found, in the human subject, an extensor indicis 
for the second digit, and an extensor minimi digiti for the fifth digit, whilst 
a very well developed muscular slip (i cm. wide), arose from the ligaments 
over the back of the carpus, and proceeding over the dorsum of the 
middle finger beneath the tendon of the common extensor, it split at the 
head of the metacarpal bone and blended with the extensor expansion 
on the dorsum of the proximal phalanx. This was a true extensor 
brevis occurring in the hand of man. 

The supinators (longus and brevis) do not appear to have any repre- 
sentatives in the lower limbs, nor do the two radial extensors. So, too. 
we have structures in the foot not represented in the hand, of which the 
flexor accessorius is an example. One has observed the fact that the 
foot of the ape frequently differs from the foot of man in that the 
accessorius is often absent in the former. It is usually absent in anthro- 
poids (although present on the right side of my Orang) : it is present 
however in the lower apes. Bischoff^ points out that in man it corrects 
the direction of the action of the flexor digitorum longus communis, 
otherwise the direction of the pull of the long flexor would be at an 
angle. In the foot of the ape this is of no importance, on the contrar>' 
the action of the flexor tendons in adducting the other, toes to the great 
toe is of great service in seizing or grasping. The toes of the apes in 
their flexor arrangements would thus resemble fingers much more than 
toes. 

Although difficulties arise in the attempt to establish homologies, yet 
on the whole it would appear that a remarkable correspondence is 
obvious when we compare the musculature of the forearm with that of 
the leg. This is further evidenced in a most remarkable manner if we 

I Loc dt, Vol. I, p. 546. 
a Loc est. I, p. 357. 
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direct our attention to the muscles which Cunningham has called the 
*' intrinsic muscles of the foot " when compared with a similar group of 
muscles in the hand. We find that homologies are best established here 
by referring the muscles of the hand or foot in man to a more gen- 
eralized type and through the arrangement there found we may institute 
comparisons and establish homologies. Cunningham has done this for 
us in his work upon the marsupials. 

One is aided greatly in appreciating the morphological significance of 
these muscles* by reference to the conditions obtaining in the foot and 
hand of apes and mammals lower in the scale. Reviewing briefly 
Cunningham's observations on the subject we may first of all state that 
Cunningham^ excludes from the intrinsic group those muscles which in 
man, or as homologous structures in other animals, take origin beyond 
the limits of the foot, and in the human foot he gives the following list 
of intrinsic muscles : 



a. The four short 
muscles of the- 
Great Toe. 

6, The short mus- 
cles of the 
little toe 



f. The Interossei. . \ 

V2. 



1. Flexor brevis hallucis. 

2. Abductor hallucis. 

3. Adductor hallucis (adductor obliquus. ) 

4. Transversalis pedis (adductor transversus.) 

1. Flexor brevis minimi dig-iti. 

2. Abductor minimi digiti. 

3. The occasional opponens minimi digiti. 

4. The occasional abductor ossis metatarsi minimi digiti. 

Four dorsal. 
2. Three plantar. 



In establishing homologies here, we must not place too much import- 
ance upon nerve supply as an aid to correct conclusions. Thus 
Cunningham joins issue with Ruge of Heidelberg, who regarded a 
muscle as the end organ of a nerve, and that, therefore, when a muscle 
altered its position and connections, its origin and typical relations can 
always be identified by its nerve supply. Cunningham admits that 
nerve supply is a most valuable aid to one's endeavours to discover the 
history of a muscle, but that it is an infallible guide is contrary to fact. 
In this connection Cunningham observes' that wherever two nerves 
approach one another and reach the confines of their distribution there 
is a tendency to variation in nerve supply. He quotes Brooks' results as 
to his investigation regarding the variation in nerve supply of the flexor 
brevis pollicis in man, thus — 



t Loc. cit, (Marsupial Report), p. 48. 

a Cunningbam. ** The Flexor Brevia Polltda and the Flexor Brevis Hallucis in Man." Anatomincfaer 
Anzeiger VII, 189a, p. aoS. 
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Outer head supplied by the deep branch of ulnar alone 5 case^ 

** " ** twigs from ulnar and median 19 ** 

** ** " median, inner by the ulnar 5 *' 

Median nerve, giving- twigs to both heads, inner head also receiving an 

ulnar supply 2 •* 

In a careful study of the muscles of the feet of certain of the mar- 
supials, Cunningham demonstrates three layers, and concludes that thb 
trilaminar arrangement is the typical one for the intrinsic muscles or 
the foot and the hand. 

1. A layer of adductores. 

2. An intermediate layer of flexores breves. 

3. A dorsal layer of abductores. 

Young* has also investigated the intrinsic muscles in the foot and 
hand of marsupials and agrees with Cunningham in his observations or 
the trilaminar arrangement; he extended his observations to other 
members of the group than those dissected by Cunningham. 

Cunningham explains that deviation from this trilaminar arrange- 
ment may occur by subdivision, fusion or suppression of members oi 
one or other of the layers. The suppression may be complete or partial 
and the muscle may be represented by ligaments. 

In transferring our attention to the conditions obtaining in the ape 
we can readily determine the trilaminar arrangement and we observe 
that either the muscle group in the hand or that in the foot corresponds 
to this typical arrangement. Thus by reference to Plate 3 one can 
readily distinguish the three layers in the hand of my Orang. 

1. Fig. 5 shows the muscles of the palmar layer composed of the 
adductor muscles of the thumb. 

2. Fig. 6 demonstrates certain of the flexores breves of the inter- 
mediate layer. 

3. Fig. 7 shows the dorsal layer of the abductores. 

As I have already stated, so far as the so-called " interossei " are con- 
cerned, the condition found in the foot of my Orang corresponded to 
that found in the hand in every particular, and in plate V is illustrated the 
arrangement of these muscles in either foot or hand. 

I A. H. Youngs, "The Intrinaic Muscles of the Marsupial Hand.'* Joum. of Anat. and Phys. 
Vol. XIV. 1879, p. X49. 
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The dorsal layer of muscles is represented by a full series ; the four 

dorsal interossei and with them the abductor pollicis and the abductor 

ininimi digiti. It is interesting here to note the suggestion that the 

abductor of the thumb and the little finger each arise from mai^nal 

structures which have been looked upon as possibly praepoUex and 

postminimus rudiments, viz., the ridge (or margin) of the trapezium and 

the pisiform bone. From this standpoint they have been regarded as 

interossei muscles which have persisted after the suppression of the 

osseous elements of the additional digits. I have already noted the 

relation of the extensor ossis metacarpi pollicis to the praepollex, and 

in this connection one may note an interesting variation of that 

muscle which I found in the dissecting room of the University of 

Toronto. The extensor ossis metacarpi pollicis split into two distinct 

tendons at a point 5 cm. above the wrist joint ; one tendon was inserted 

into the base of the metacarpal bone in its palmar aspect, and the other 

passed on to join the abductor pollicis and could be traced as a distinct 

tendon extending 2 cm. along the deep aspect of that muscle, where it 

blended with its muscular fibres. 

We have thus in the hand the following muscles in the dorsal layer, 

1. Abductor pollicis. 

2. Abductor minimi digiti. 

3. The Dorsal interossei. 

In the foot Cunningham adds a fourth muscle occasionally present, 
a rudiment of which I have described in my Orang, viz. : 

4. The occasional Abductor ossis metatarsi minimi digiti. 

The second layer of muscles, the intermediate layer, is made up of 
those muscles which Cunningham has termed the Flexores breves in 
the marsupials. These in man, as in the Orang, include the plantar 
interossei and the short flexors of the thumb and of the little finger. 
Cunningham* at first was inclined to place the plantar interossei in the 
plantar group of adductors, but he subsequently placed them in the 
intermediate layer for the following reasons : 

1. In quadrumana he has traced the gradual disappearance of the 
adductor muscles except those belonging to the great toe. 

2. We find plantar interossei not only in those apes which have 

I D. J. Cunningham, "The Intrinsic Muscles of Thyladne, Cuscus and Phascogaie." Joum. Anat. 
and Phys., Vol. XII. 1878, p. 434. 
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complete adducting apparatus (^.>f., Cynocephalus) but also in those i- 
which it is only represented by the adductors of the hallux and by 
fibrous bands (^.^. Orang) and in those in which it is reduced to the 
adductors of the great toe only (e^. Gorilla). 

3. Ruge has pointed out that the deep division of the external plantar 
nerve, as it runs inwards across the sole is placed between the adductor 
muscles and the other muscles of the intrinsic group. This is a most 
useful, and, as a general rule, a most reliable guide in determining the 
muscles which belong to the plantar layer. Ruge^ points out that tr 
mammals the deep division of the external plantar passes inwards 
between the interossei and the contrahentes (adductors). In man thb 
nerve passes between the plantar interossei beneath and the adductor 
obliquus hallucis above, and this Cunningham looks upon as most 
suggestive. 

4. In a foot dissected by Cunningham he found a distinct fleshy slip 
proceeding from the outer edge of the adductor obliquus hallucis to be 
inserted into the outer side of the base of the first phalanx of the index. 
This clearly represented the adductor indicis. 

Cunningham would therefore place in the intermediate layer the 
following muscles : 

1. Flexor brevis pollicis, deep and superficial heads. 

2. Flexor brevis minimi digiti. 

3. Plantar interossei. 

In studying the interossei group (palmar and dorsal), as found in my 
Orang, and figured in Plate V, it appears to be a question worth con- 
sidering as to the relation of the palmar portion of the dorsal interossd 
to the intermediate layer. On reference to the dissection (as figured in 
plate V), one cannot but be struck by the symmetrical arrangement of 
the palmar interossei and the palmar portion of the dorsal interossei 
as forming one group of flexores breves, and the origin of the palmar 
interossei may yet be accounted for by subdivision of originally single 
muscles, or we may suppose that fusion has occurred to produce the 
connection of the palmar portion with the remaining part of the dorsal 
interossei. In other words one would venture to suggest that the 
intermediate layer is represented in the Orang by the palmar interossei 

I G. Ruge, *' Zur Tergletchenden Anatomte der tiefen Muskeln in der Fumaole." Morpholofnacbes 
Jahrbuch. Vol. IV, 1878, p. 644. 
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plus the palmar portion of the dorsal interossei, and the short flexors of 
the thumb and little finger. 

The flexor brevis of the first digit is represented by two heads, of 
Avhich the deep head might otherwise be described as one of the palmar 
or plantar interossei, the interosseus primus volaris of Henle. This 
muscle resembling in its attachments and relations the other muscles of 
the plantar interosseous group, belongs to the intermediate layer. 

The common origin of all these muscles of the interosseous group is 
indicated by Huxley^ who states that amongst the Platyrrhini the 
interossei are no longer visible from the dorsum of the foot, but, as in 
the lower mammals, are altogether flexores breves inserted by sesamoid 
bones into the bases of the first phalanges. This resembles the condi- 
tion described by Ruge in the human foetus (vide infra). 

We have still left for consideration a series of muscles representing the 
adductor group. In the Orang, as in man, these are reduced to the 
adductors for the first digit. Thus we have in the hand the adductor 
obliquus pollicis and the adductor transversus pollicis. These represent 
a more extensive series found in marsupials in the plantar layer as 
adductors of the second, fourth and fifth digits^ In the Chimpanzee and 
Gibbon there are two adductors, viz., for the first and fifth digits, whilst 
in the Orang and Gorilla the adductor for the first digit alone remains. 

Thus in man and in the orang we have, in the palmar layer, the 
adductors of the thumb (obliquus and transversus). 

Adductor obliquus pollicis. 

Adductor transversus pollicis. 

The only short muscles of the first and fifth digits, which we have not 
accounted for, are of the opponens group. In my Orang we found an 
opponens for the first and fifth digits in both hand and foot. These 
Cunningham considers as developed most commonly from the flexores 
breves group. 

Our complete classification would therefore be : 
Dorsal layer. 

1. Abductor pollicis. 

2. Abductor minimi digiti. 

X Loc. dt., Vol. II, p. 94- 
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3. Dorsal interossei. 
and in the foot occasionally 

4. Abductor ossis metatarsi minimi digiti. 
Intermediate layer, 

1. Flexor brevis pollicis -! * ^ . ,'• , 

'^ [superficial head. 

2. Flexor brevis minimi digiti. 

3. Plantar interossei. 

4. Opponens. 
Palmar layer. 

Adductor Pollicis joWiquus. 

[transversus. 

We can now readily establish homologies for the hand and foot, and 
we may construct a table thus : 

Flexor brevis pollicis ■ Flexor brevis hallucis 

(a) Radial head (a) Tibial head 

(b) Ulnar head (b) Fibular head 

Flexor brevis minimi dig'iti Flexor brevis minimi digiti 

Abductor pollicis Abductor hallucis 

Abductor minimi dig'iti Abductor minimi digiti 

Opponens poUids Opponens hallucis 

Opponens minimi digiti Opponens minimi digiti 

Adductor obliquus pollicis Adductor obliquus hallucis 

Adductor transversus pollicis Adductor transversus hallucis 

Interossei (Palmar and Dorsal) Interossei (Plantar and Dorsal). 

Homologies are thus established for the limb muscles, as has been 
done also for the skeletal parts ; one may add that an attempt is also 
made to establish homologies for the nerves (wVfe Quain, Vol. III., Pt, 3, p. 
384). I shall not, however, attempt to discuss the homologies of the 
nerves in this paper. Whilst we can thus establish homologies between 
the structural elements of the hand and foot, we yet observe certain 
anatomical differences due, I consider, to modification from a common 
type of origin. The foot of man is modified as an organ for support 
whilst the hand of man, in the erect attitude of the individual, is left free 
to minister to his varied needs. There can be little doubt concerning 
the correctness of the view that these two extremities are derived from 
a common type and that the differences observable between the hand 
and the foot are due to modification resulting in departure from the 
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original typical form, these modifications being due to a specialization 
of function — one holds this view despite the fact that Bischoff comes to 
the conclusion that both anatomically and physiologically the so-called 
posterior hand of the ape possesses more agreement with the human 
hand than with the human foot. 

No doubt certain conditions in the ape's foot resemble the conditions 
present in the hand, and differ from those of the human foot. The 
adductor transversus hallucis in the ape's foot tends to blend with the 
adductor obliquus and is much more strongly developed than in the 
human foot. In this particular the muscle in the ape's foot approaches 
that found in the hand of man and differs from the human foot. In my 
Orang I found an opponens hallucis ; this muscle is not always found in 
anthropoids, but appears to be peculiar to the Orang, and among lower 
apes it is found in Macacus. This is a characteristic muscle of the hand 
and is not found in the human foot Among apes there is a frequent 
approach to the hand (as in my Orang), in the arrangement of the 
interossei, whereby abduction is secured from the third digit and not 
from the second. Huxley* admits that the foot of the Orang deviates 
very greatly from that of man. The great length of the phalangeal 
portion of the foot is very noticeable, and the narrow os calcis with an 
absence of the two tubercles which are present in man. There is great 
mobility between the carpal bones ; the phalanges are greatly curved. The 
hallux is remarkably short,and is capable of extreme abduction from the 
other digits, whilst opposition is also possible to a complete degree. In 
connection with the movableness of the great toe in apes one is struck 
by the peculiarity of the shape of the articulation between the first 
metatarsal bone and the internal cuneiform. The articular surfaces are 
saddle-shaped, and thus provide for greater freedom of movement. This 
differs from the foot of man where the surfaces are flat and is in agree- 
ment with the hand of man where the characteristic saddle-shaped joint 
is found between the trapezium and the first metacarpal. This condition 
in the ape was described by Huxley in the Chimpanzee's foot, and it 
was also noted by Huxley that, in the hand, the trapezium in that 
animal presented a simple, oval, convex facet, and was no longer saddle- 
shaped.' In the lower apes, however, Huxley found the characteristic 
saddle shape of the trapezium.' Fick describes this joint of the first 
digit as being saddle-shaped in both foot and hand in the Orang;* Bis- 

I Loc. dt., VoL I, p. 564. 
a Loc. dU, Vol, I* p. 4a8. 
.-) Loc dt.. Vol. I, p. 671. 
4 Loc. dt. I, p. 50. 
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cfaofT in the Gibbon, however, describes a hollowed out socket in the 
trapezium for the head of the metacarpal bone, but says the joint was 
not a true saddle-shaped articulation. 

The flexor accessorius is a characteristic feature in the human foot 
We have already noted the fact that it is very frequently absent, and 
always ill-developed in the anthropoid apes. When we consider that 
its development is almost universal among the lower apes, it is not to be 
looked upon as an essential difference between man and apes ; when 
absent, however, the inferior extremity of the anthropoid ape rather 
resembles the hand of man than his foot 

The strong well developed flexor longus hallucis is a characteristic 
feature of the human foot not found in apes. The Gorilla is an exception 
to this statement, as Bischoff and Duvemoy found a well developed strong 
tendon for the great toe in that animal. In the Orang the flexor longus 
hallucis gives no tendon to the great toe, whilst in other apes its distri- 
bution is mainly to the third and fourth toes, with usually a very weak 
slip for the hallux. 

Whilst the ape's foot thus differs from the foot of man, it is also quite 
obvious that the hand also differs in a marked degree from the human 
hand. Compare (see photograph) the long thin hand of the ape with that 
of man, and note particularly the rudimentary thumb. The thumb is ex- 
tremely rudimentary and ill-developed. It becomes still more so in the 
new world monkeys, according to Huxley\- in Ateles it is apparently 
functionless, although all its muscles (abductor, adductor, flexor brevis 
and opponens) are present, except the long flexor. In the Arcto- 
pithecini (marmosets) Huxley' says it can no longer be called a thumb ; 
the digit lies on the same plane as the other digits and is not in the least 
degree opposable — ^this might be called a paw rather than a hand — 
whilst such is the case, the hallux, which is very small, is still slightly 
opposable in this animal. 

The absence of a flexor longus pollicis, so strongly developed in man, 
is obviously a very marked and essential difference observable in com- 
paring the hand of the ape. Again we have noted the absence of the 
characteristic saddle-shaped articular surface in the joint between the 
first metacarpal and the trapezium. 

A fact of some interest regarding the comparisons which may be 

I Huxley, "Manualof Anatomy of Vertebra ted Animals/' New York. 187a, p. 396. 
a Loc. citi. Vol. 11. p. 134. 
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established between the ape and man is one to which we have already 
called attention, namely, that in the human foetus we find correspond* 
ences more marked than they are when the adult man is compared with 
the ape. Cunningham mentions Ruge's work in the following re- 
ference.* "Ruge in his memoir upon the development of the muscles of 
the human foot shows that the interossei muscles in the foot of the early 
embryo are plantar in position, and that the upward growth of the 
dorsal interossei and the formation of the interosseous spaces takes place 
as a subsequent and gradual step. In three of the diagrams which illusr 
trate the text he gives representations by sections through the metatarsus 
at three different periods of development. In the first the metatarsal 
bones, with the exception of the first two, are in close apposition, and in 
consequence, all the interosseous muscles, excepting the first dorsal, are 
plantar in position. The second diagram is from a foot somewhat more 
advanced. It shows that as development progresses the metatarsal 
bones separate from each other, and that simultaneously with this the 
dorsal interossei b^n to shoot up between them like wedges. The 
third illustration gives a view of the relative position of the muscles and 
metatarsal bones, as they are to be seen in the adult The bones are 
widely apart from each other, and the muscles have reached the dorsum 
of the foot." 

The transverse section (Plate IV, fig. 4), illustrates the fact that the 
interossei muscles are more plantar (palmar) than dorsal in my Orang ; 
this condition is exaggerated in the lower apes where, as I have already 
stated, Huxley found among the Platyrrhini the interossei of the foot 
were no longer visible from the dorsum but existed as flexores breves 
towards the plantar surface. In the dog the metatarsals are closely 
compressed, and the interossei wholly plantar. 

In the human foetus the great toe is separated from the other toes 
and the position of the foot is that of "varus," resembling somewhat that 
found persistent in the ape. We find that this fact is alluded to by 
Flower,' who, in referring to the principal difference between the foot of the 
ape and the foot of man, emphasizes the fact that in the ape the foot is 
converted into a more or less modified grasping organ. He directs 
attention to the effect produced upon the ape's foot in consequence of 
the fact that the articular surface of the internal cuneiform for the hallux 
IS saddle-shaped, and is directed obliquely towards the inner or tibial side 

I Quotation rom Cunningham's Challenger Report, p. 138-9. 
a Loc. cit., p. 341. 
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of the foot The consequence is that the hallux is not only separated 
from the other digits, but it is also set in a different plane, so that when it 
is flexed it turns towards the sole of the foot and becomes opposed to 
the others much as the thumb does in the hand Flower (and others, 
e.g.^ Fick) remarks that the terminal phalanx of the hallux is often 
wanting. Fick attributes this to ill-usage. Flower points out that the 
proportions of the three segments of the foot in the anthropoid ape are 
the exact reverse of those in man. In the ape the tarsal s^^ent is the 
shortest and the phalangeal the longest; the reverse is true of man. 

The result of our study is to bring us to the conclusion that whether 
we study the extremities of man or of the Orang we find corresponding 
structures in the upper extremity as compared with the lower. A 
common type of origin is clearly indicated. This is the more readily 
observed in the ape than in man where the highest degree of specializa- 
tion of function has been reached. As a result of this we find greater 
differences exist between the human hand and the human foot, than 
between the hand and the foot of the ape. Moreover, in man there is a 
greater departure from the common type of origin in both hand and foot 
Bischoff has investigated the subject of homologies, and although his 
conclusions differ in some details from the views expressed in this paper, 
he agrees in the main and establishes homologies for the hand and foot 
of man as in the hand and foot of apes. He further admits that certain 
correspondences exist between the foot of the ape and the foot of 
man. Following BischofTs ai^ument to a logical conclusion (as Fick 
observed*) we would be forced to conclude that man, like the ape, had four 
arms and four hands. Bischoff, however, views the matter not wholly 
from the morphological side, but from the physiolc^ical, and, looking 
upon the ape's foot as a grasping oi^an, he considers this strong 
evidence for the assertion that it is a hand. He admits that this alone 
is not sufficient evidence ; on similar ground he says one might call the 
trunk of an elephant a hand, but there are obviously other similarities in 
the ape's foot to a hand, chiefly the short, movable, opposable hallux, 
differing from the first digit of the human foot, possessing the saddle 
joint with the internal cuneiform and thus resembling the human thumb. 
Whilst one cannot longer uphold in its entirety Huxley's assertion 
regarding the absolute anatomical diflerences in distinguishing the foot 
of man from his hand (see ps^e 75), yet in the skeletal parts his ail- 
ment regarding the arrangement of the tarsal bones is unanswerable and 
we are forced to conclude with him that the so-called hind hand of the 
ape is essentially a foot The method of articulation of the foot with 

I Loc cit. I, p. 53. 
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the leg at the ankle joint is characteristic of the foot and not of the 
hand. There is also an absence of pronation and supination in the ape's 
foot Langer* admits the resemblance of the ape's foot to a hand, but 
also points out the obvious fact that the anterior extremity of the Orang 
is as far removed from the human hand as the posterior extremity is from 
the human foot Both extremities are wholly organized for holding and 
grasping in the ape, and Langer would have us look upon the posterior 
extremity as a holding or grasping foot Huxley, it is true, argues the 
matter wholly from the morphological standpoint, and Fick' screes 
with Huxley that the feet of man and apes are essentially alike in all 
variety of anatomical detail. But certain differences (non-essential) un- 
doubtedly exist The absence of a true arch and the fact that the Orang 
walks upon the outer margin of the foot with the digits flexed like a 
closed fist In man the toes are, comparatively, very short, and as 
Turner points out, the great toe is fastened to the second digit by a 
strong ligament The fixation of the great toe, however, may be greatly 
decreased in man as is evidenced in those individuals who have con- 
genital absence of the arm ; they are capable of doing many things with 
the toes, impossible on the part of an ordinary individual. By training, 
an armless painter, according to Fick, was able to copy Rubens' pictures, 
and one knows of the possibility of individuals writing, playing the 
violin, and doing a variety of things. Thus, when necessary, man is 
capable of using his foot for a number of purposes and to accomplish 
work ordinarily relegated to the hands. In the struggle for existence, 
similarly, the ape has developed great dexterity in the use of his foot, 
but it still remains a foot Fick tells us that in the living ape there is 
an obvious difference in the manner in which he uses the upper and 
lower extremities. In walking, running and springing forwards from the 
hind legs the arms are scarcely burdened, but the hands are always ready 
to grasp an object such as fruit, and to do all finer work, such as the 
breaking open of fruit, seeking vermin, etc., the legs and feet being used 
for support and in running. 

It was Tyson,' two centuries ago, who, struck by the great external 
resemblance of its hinder limb with its opposable thumb to a hand, 
remarked that the animals might be called " quadru-manus." Referring 
to the foot of the Chimpanzee which he dissected, he remarks as follows : 
— " But this part, in the formation and its function too, being liker a 
hand, than a foot, for the distinguishing this sort of animals from others, 

I Loc. at., p» 193; 
a Loc. cit. i» p, 53. 
3 Loc. dt, p. 13. 
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I have thought, whether it might not be reckoned and called rather 
quadru-manus than quadrupes, <>., a four-handed, than a four-footed 
animal." Huxley remarks that if we are to settle the question on the 
grasping power of the organ we must consider the terminal division of 
the hind limb of a bird or an oppossum to be equally a hand with that 
of the monkey. Huxley, however, holds that morphological ana]ogie^ 
cannot be decided by physiological function, but only by exact coia- 
parison of the essential anatomical characters. An attempt has been 
made in this paper to show, with due r^ard to both structure and 
function, that the ape must be considered as possessing two feet and t^A'o 
hands ; that the posterior extremities of the creature terminate ic 
structures resembling both anatomically and physiologically the humac 
foot rather than the human hand. 

The comparative study of the muscles of the Orang is full of interest, 
and the interest increases when we institute comparisons with the 
arrangement of the musculature in the human body. Fick* holds that 
in the Orang we have more muscle variation (when we consider the 
literature), than we have in man, and it is interesting to note that in the 
sense of the modem view, we have in the present day Orang, evidence 
of a more active phylogenetic variation than in man. 

By studying muscle variation in man relating to normal conditions in 
lower animals, we may throw light on the position of man in the 
animal kingdom. This conviction was long ago expressed by Professor 
Wood,^ who remarked, concerning the comparative study of the muscu- 
lature of man and the lower animals, that: — " If in addition to the general 
resemblance of the muscular mechanism, there are to be found in the 
former [/>., in man] fragmentary records of special apparatus which have, 
in the latter [«>., in lower animals] the fuller development of a definite 
purpose, then these may be taken as at least of equal importance with 
other evidence of traces, some may think, of a general unity of plan with 
varied teleological intentions, and others, of an ancient morphological 
relationship of a much closer character. But if, on the other hand 
muscles are found which have no place in the various animal types, we 
may fairly take them as indications, valuable as far as they go, of pro- 
gress still advancing towards a higher development of the human frame, 
— of an increase in the distance, already great, which separates 
physically man from animals." 

t Loc. dU a, p. 306. 
a Loc. cit, p. 44* 
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EXPLANATION OF PLATES. 

The following plates are drawings from dissections made by the author : — 

PLATE III. 

Fig. I. — Dissection of the posterior aspect of the neck and shoulder of the Orang 
Outang. 

acrom^t acromion process ; r/ov., clavicle ; e,a,m.^ external auditory meatus ; 
uspin., infra spinatus ; /.a.J., levator anguli scapulae ; m,^., omo cervicalis; 
rhom,^ rhomboid ; s. spin,, supra spinatus ; s, mag,, serratus magnus ; 
trap,, trapezius ; /. miu,, teres minor. 

PLATE IV. 

Fig. 2. — Dissection of the anterior aspect of the chest wall and shoulder of the Orang 
Outang. 
acrom,, acromion process ; cUxv,, clavicle ; cor,, coracoid process ; Delt,, 
deltoid ; H,, humerus ; /. min,, pect oralis minor ; p, m, i, the pars costo- 
abdominalis of the pectoralis major ; p,m, 2, the pars stemo-costalis of the 
pectoralis major ; /.m. 3, the pars stemalis of the pectoralis major. S, m., 
stemo mastoid. 

Fig. 3. — Representation of the mode of in:}ertion of the pectoralis minor muscle. 

acrom,, acromion process ; cUtv,, clavicle ; cor,, coracoid process ; lig, i and 
lig, 2, continuation of the fibres of insertion of the pectoralis minor muscle 
into the clavicle and the acromion process ; /. min., the tendon of insertion 
of the pectoralis minor muscle passing to the coracoid process. 

Fig. 4. — The arrangement of the interossei muscles in the Orang Outang, as they 
appear in their relation to the metacarpal bones, on transverse section 
through the metacarpus. 

d, i., dorsal interossei ; v, i., palmar interossei. 

PLATE V. 

Fig. 5. — Dissection of the short muscles of the thumb and the little finger in the Orang 
Outang. 
ab,m*d,, abductor minimi digiti ; ab,P,, abductor poUicis ; cuLo,p., adductor 
obliquus poUicis ; a,t,p,, adductor transversus poUicis ; F,, palmar fascia ; 
f.b,p, \,f,h,p, 2, outer and inner heads of the flexor brevis poUicis ; fl,b,m,d,, 
flexor brevis minimi digiti ; op,m.d,, opponens minimi digiti ; o.p,^ opponens 
poUicis. 

Fig. 6. — Dissection of the interossei muscles of the hand in the Orang Outang, viewed 
from the palmar aspect. 

v,i, I, v,i, 2, v,i, 3, palmar interossei, d.i,\, d.i, 2, d,i,^, d,i,^, dorsal interossei. 
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Fig. 7. — Dissection of th« interossei muscles of the hand in the Orang Outaof^, viewed 
from the dorsal aspect. 

v,i. 1, v.i, 2, v,i. 3, palmar interossei, d.i, i, d,u 2, tLu 3, d,i, 4, dorsal interossei. 

PLATE VI. 

Fig 8. — Dissection of the {{^luteal region, and the back and outer side of thigh in the 
Orang Outang. 

g,max,^ gluteus maximus ; g.med,^ gluteus medius ; g,min.<^ gluteus mintmus; 
g,sM,y great sciatic nerve ; g.trtKk,^ great trochanter of the femur; i.^., 
hamstring muscles; ib.^ iliac bone; t/., iliacus ; fj., ischial spine; 06.'.. 
obturator extemus ; obA,^ obturator intemus ; py»r,y pyriformis ; q.f^y qu^ 
ratus femoris ; rtct.y rectus femoris ; sccm.^ scansorius ; i> i vastus 
extemus. 
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INTRODUCTION 

Researches upon the developing human skull have been carried 
on by various investigators, for a summary of whose results 
reference may be made to the excellent reviews by Jacoby ('94) 
and Levi ('00). The plate method of reconstruction, however, 
has been applied in such investigations only within recent years, 
and has been used in the study of fetuses in the following 'stages: 

317 
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LBMOm 


FBOBABLB AQB 
(AUTHOB'a ■■RMATB) 


AUTEOB 


mm. 






13 




Levi 


14 


37-^ days 


Levi 


17 


42-45 days 


Levi 


17 


50 days 


V. Noorden 


18.5 


7i weeks 


V. Noorden 


23 


8i weeks 


V. Noorden 


30 




Jaooby (younger than the 
28 mm. stage of Levi) 


28 


58-62 days 


Levi 


30 




Fawcett 


80 




Hertwig 



It will be seen that a considerable interval occurs between the 
last two stages in this list, and with a view towfuxls lessening 
it I undertook, at the suggestion of Professor McMurrich, the 
study of the skull of a fetus of 40 mm., crown-rump measure- 
ment, which would correspond, according to Mall's formula 
(Mall '06, p. 439), to an age of 63 days. The entire head of the 
fetus had been cut into serial sections in the frontal plane, the 
sections being 20 micra in thickness and stained with haemalum 
followed by erythrosin. Prom these sections the entire skull, 
together with the membrane bones and upper two visceral arches, 
was reconstructed by the wax plate method at an enlargement 
of 30 diameters, and, to facilitate the study of the nasal and otic 
capsules, separate models were made, at the same magni&cation, 
of the mesethmoid, ectethmoid, right otic capsule and the anlage 
of the right osseous labyrinth. Drawings were made of every 
other section by the use of Edinger's "Drawing and projection 
apparatus," only that tissue being included as cartilage which 
presented a homogeneous, blue ground-substance and could 
be clearly differentiated from its surroundings, i.e., the tissue 
which Levi ('00) has described imder the terms 'alteren Vor- 
knorpel' or older precartilage, and "Knorpel" or cartilage. The 
earlier chondrogenic tissue of which there was very little at this 
stage, was disregarded. 

The Actions were not exactly in the frontal plane and to elimi- 
nate any lateral distortion in the models the amount of obliq- 
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uity was determined as accurately as possible and the wax plates 
piled upon a plane adjusted at the proper inclination. It is also 
to be noted that a few sections passing through the dorsal ex- 
tremity of the occiput were wanting from the series, and the 
small portion of the occipital region which they represented has 
been reconstructed by reference to other models, the parts so 
added being painted white, so that they may readily be recognized. 

In the following description of the models I have used, as far 
as possible, the terms which are current in the literature, and 
when those referring to the human skull were exhausted recourse 
was had to the terminology in use in the more recent publications 
upon the chondrocrania of mammals. Preference is given to 
the BNA, and names not hitherto introduced into human chon- 
drocraniology are usually followed by the name of the author who 
has employed them, the ideal being always kept in view of a 
system of terms imiform throughout the mammalian forms at 
least. New names, introduced by the writer, are indicated by 
making their initial appearance in italics. 

An attempt has been made to select such terms of orientation 
as may be applied to animals having either a horizontal or a 
vertical long axis. Thus the terms ventral, dorsal, cranial, cau- 
dal, lateral and medial are generally used, but their respective 
equivalents for the human figure, such as anterior or front, pos- 
terior or back, superior or upper, inferior or lower, external or 
outer, internal or inner, are also employed. Oblique directions 
are indicated by combinations of the above terms. 

Measurements appearing in the text have been taken from the 
models, and are thus magnified thirty times. 

THE SKULL AS A WHOLE 

The primitive skull of homo at the 40 mm. stage presents, in 
general, the characters which have become familiar through 
the illustrations and descriptions of v. Noorden, Jacoby and 
Levi for yoimger embryos, and thq model of Hertwig for a more 
advanced age, combined with several features that are char- 
acteristic of tibis period of development. The outline, when the 
many gaps are filled in, suggests the osseous skull. 
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Viewed from above (fig. 1) we note the entire absence of the 
roof and the extremely rudunentary character of the ddes of the 
cranial vault. The eye meets with an irregular surface of vary- 
ing depth, surrounded by a broken, ovoid contour, the smaller 
end being ventral. This surface we recognize as the floor of the 
primitive brain-case. Its dorsal half is made up of the future 
posterior cranial fossa, a deep, bowl-like enclosure, the steep 
sides of which slope rapidly down to an elongated opening in tiie 
floor — the primitive foramen magnum. In the ventral wall of 
this fossa is a trough-like space behind the basilar plate, flanked 
by two rounded eminences, the partes cochleares of the otic 
capsule, and terminated above by the homed, ridge-like dorsum 
sellae, which forms a conspicuous object in the floor of the cra- 
niiun. Passing forward over this ridge a sideless pit, the hypo- 
physeal fossa, comes into view, which marks the center of the 
middle cranial fossa, and here, in the region of the body of the 
sphenoid, the cartilaginous floor is very narrow. Lateral to the 
corpus sphenoidale is a large, triangular gap in the floor and 
sidewall of the brain-box, the apex of which meets the side of the 
sella, while the ventral and dordal borders are formed by the dorsal 
border of the ala orbitalis and the cranio-ventral surface of the 
otic capsule respectively. Forming a lateral, knobbed pro- 
jection beneath the ala orbitalis is the relatively small ala tem- 
poralis, and this is observed to lie ventro-caudal to the plane of 
the above-mentioned triangular ^ace, just as, in the osseous 
skull, the greater wing lies below and in front of the plane join- 
ing the lesser wing with the petrous portion of the temporal bone. 
As will be seen later, this plane corresponds in a general way to 
the situation of a primitive floor and side-wall of this region of 
the skull, as found in the lizards. Two of the bones which will 
later wall in this space, viz., the parietal and the squamo-tem- 
poralis, are as yet very rudimentary, while the third, or ala tem- 
poralis, has only just commenced to ossify. 

We now pass forward, over .the low ridge in front of the sella 
turcica, known as the tuberculum sellae, and come upon the 
plateau-like surface supporting the optic chiasma, which leads 
laterally into the optic foramina. Ventral to this surface is the 
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wide, upwardHslanting, anterior root of the ala orbitalis, in front 
of which is a broad, flattened, triangular surface. This we 
recognize as the floor of the anterior cranial fossa. Perforating 
it, in the area lateral to the median septiun, which represents 
the developing cribriform plate, are several foramina, the largest 
being the paired fenestrae cribrosae. Hook-like, backwardly 
projecting processes mark the dorso-lateral limits of the floor, 
which ventro-laterally is widened by the orbital plate of the 
frontal bone. 

The only portions of the osseous cranial vault yet in evidence 
are the rudimentary frontal portion of the frontal bone and the 
net-like parietal — these being separated by a rather wide space. 

Finally, the cranial aspect discloses to view certain accessory 
cartilages. Above the dorsal wall of the posterior cranial fossa 
may be seen two cartilages, lying close together, both small, 
but the left considerably smaller than the right. They may be 
known as the cartiUiginea cranii posteriofes. Above each parietal 
plate, medial to the parietal bone, is seen an isolated nodule of 
cartilage, that on the right being larger and more elongated than 
that on the left; these may be called the cartSLagines cranii later" 
ales. Below and in front of the cranial pole of each cochlea there 
is a axnall, rounded mas^ of cartilage, which may be termed 
the cartHago aupracoMearia. 

CARTILAGE 

Passing, next, to a consideration of the lateral aspect of the 
primitive skull (fig. 3), we note that it is made up of two main 
masses, dorsal (posterior) and ventral (anterior), almost sepa- 
rated by a large gap between the otic and orbitotemporal regions. 
The dorsal region is composed principally of cartilage, and 
presents a fairly smooth, convex, fenestrated surface, the most 
lateral part being formed by the roimded outer wall of the pars 
canalicularis of the otic capsule. Behind this the flat surface is 
seen to widen, and then quickly narrow, and to sweep backwards 
and inwards to unite with the corresponding plate of the oppo- 
site side in the tectum posterius. Above, the wall is heightened 
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by the reticular parietal bone (fig. 4). These structures eDcloee 
the lower and posterior portion of the cranial cavity. 

The anterior mass is composed principally of the facial parts, 
and contrasts with the posterior in being narrower from side to 
side in its lower part^ and in presenting a greater proportion of 
osseous material. Its surface is also much more irregular and 
uneven. In front of the pars canalicularis we see, in a recess 
which lies ventro-lateral to the two parts of the otic capsule, an 
irregular mass of cartilaginous and osseous structures, in which 
we recognize the anlagen of the auditory ossicles and the upper 
part of Meckel's cartilage, the latter appearing above the small 
tympanic and goniale (fig. 2), and being covered laterally by 
the squamo-temporalis. Below these structures, with its hook- 
like proximal extremity Ijdng in a small cavity, but imconnected 
with the re&b of the chondrocraniiun, is the slender shaft of Reich- 
ert's cartilage. 

Above the otic capsule the large open space which will later 
form the middle cranial fossa is again apparent, and through 
this we see the lateral- aspect of the hypophyseal fossa (fig. 3), 
with the high dorsum sellae, upon which are the ventrally pro- 
jecting posterior clinoid processes, limitnng it posteriorly. In 
the anterior wall of the sella turcica is the middle clinoid process 
(present on the right side only) and above this is to be seen the 
orbital wing of the sphenoid, the gentle curvature of the latter 
being broken by the anterior clinoid process, and its outer and 
posterior extremity terminated by a sharp process, projecting dor- 
sally. Below the ala orbitalis, and separated from it by the wide 
and unclosed superior orbital fissure, is the ala temporalis, sup- 
ported by a short processus alaris, the roimded extremity of the 
latter almost touching the ventral pole of the cochlea, and being 
quite close to the cartilago supracochlearis, which is plainly 
visible from the side. 

Looking at the skull from a more anterior position we see, 
above, the cavity of the orbit, roofed over by the cartilage of 
the orbital wing of the sphenoid, and by the orbital portion of 
the frontal bone (fig. 4) ; limited medially by the shelving posterior 
portion of the ectethmoid; but widely open downwards and out- 
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wards, except where cut off by the zygomatic bone and the 
maxilla, and but imperfectly closed behind. In the posterior 
portion of the orbit is seen the elongated optic foramen, and the 
closeness of apposition of the sphenoidal and ectethmoidal 
cartilages is to be observed. An open space, communicating 
freely above with the orbit, below with the cavity of the mouth 
and medially with that of the pharynx, is seen in front of the ala 
temporahs, the medial wall of the space being indicated by the 
imperfectly developed vertical plate of the palatine bone and by 
the rudimentary medial pterygoid plate. The position of the 
as yet unformed pterygomaxillary fossa is indicated in this space 
by the sphenopalatine ganglion (fig. 14) (not diown in the model), 
and lateral to this, bounded by the incomplete zygomatic arch, 
are the temporal and zygomatic fossae. One is struck with the 
lack of prominence of the zygomatic region when compared with 
the osseous skull, the zygomatic bone and arch being completely 
overhimg by the lateral part of the cranial floor. That this 
disproportion is partly due to the shallowness of the temporal 
and zygomatic fossae is evident from a comparison of the model 
with the bony skull. It would appear that the lateral growth 
of the ala temporalis of the sphenoid and of the zygomatic 
process of the maxilla, combined with thickening of the tempor- 
alis muscle, are the principal factors which bring about the widen- 
ing of the temporal and zygomatic fossae, and consequent out- 
pushing of the lateral parts of this area. It is evident from a 
comparison of the skulls of the newborn and the adult that this 
change continues till some time after birth. 

The lower part of the facial region is characterized by the 
gaping cavity of the mo^th, boimded above by the superior 
maxilla and below by Meckel's cartilage with its covering bone, 
the mandible (fig. 4). The lack of prominence of the angle of 
the latter, due to the shortness and inclination of the ramus and 
its relative nearness to the medial i^iagittal plane, may be ob- 
served, and it will also be seen that there is a small space between 
the articular process of the mandible and the position of the future 
glenoid cavity of the squamo-temporaUs (fig. 4). The coronoid 
process of the mandible is quite close to the ala temporalis of the 
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sphenoid, medially, and to the zygomatic arch (as yet incomplete) 
laterally, a condition which does not obtain in the mature skull. 

Dorsal to the prominent frontal process of the superior maxilla 
the isolated nodule of cartilage, known as the cartilago parana- 
salis, is to be seen, Ijdng lateral to the cavity for the lacrunal 
duct and below the small streak of membrane bone, which is the 
anlage of the future lacrimal. Another smaller nodule of car- 
tilage is seen near the back of the orbit lying i^ainst the upper 
surface of the ectethmoid and may be known as the cartilago 
paraethmoidalis. Separating the orbital from the nasal cavity 
is to be seen the shell-like ectethmoid, bearing upon its cranio- 
ventral aspect the small nasal bone. At the front of the nasal 
cartilages appear the open anterior nares, separated by the 
ventral border of the septum. 

Regarded from below (fig. 2) the model shows in the foreground 
the mandibular (not shown in fig. 2) and upper part of the hyoid 
arches. Behind these we see the semi-cyUndrical ventral sur- 
face of the planimx basale, separated from the elongated, flat- 
tened, ovoid partes cochleares by deep furrows. It is to be ob- 
served that the anterior extremities of the latter do not project 
beyond the planiun. The forked structure at the root of the 
planum, perforated for the hypoglossal nerve, is seen to be the 
anterior commencement of the flattened, ring-like sides of the 
foramen magnmn, a downwardly projecting angle marking the 
position of the future occipital condyle. Lateral to and above 
the condyle there appears a stout cartilaginous process, which 
supports the lower and anterior part of the otic capsule. This is 
known as the processus paracondyloideus (Voit), and above it 
is seen a wide opening, the jugular foramen (fig. 4). 

The two Meckelian cartilages (fig. 3) enclose an angle, rather 
sharp ventrally; in which are found the structures of the floor 
of the mouth. The inwardly curved palatine bones, with the 
assistance of the inner laminae of the pterygoid processes (fig. 2), 
imperfectly cut off the posterior part of the nasal cavity, and be- 
tween the pterygoid laminae and the planum basale is seen the 
space occupied by the naso-pharynx (fig. 10). Attached to these 
medial laminae, and indeed developed from their caudal tips, are 



SKULL OF A HUMAN FETUS OF 40 BfM. 325 

the cartilagines parasphenoidales (Voit, '09), the representatives 
of the later haiAiilar processes. The pterygoid laminae are 
quite separate from the alae temporales, which appeftr, from this 
viewpoint, as rhomboidal, perforated blocks. 

Lying along the caudal border of the nasal septum are seen the 
anterior paijas^ptail cartilages in fibnt, and the long thin plates 
of the vomer behind (fig. 2); and within each nasal cavity is 
a small mass of cartilage, lying in the middle meatus (fig. 12), 
to which the name oartUago meabas medii has been given and whose 
significance will be discussed with the regio ethmoidaliSi 

Summing up the cartilaginious and osseous structures which 
we find participating in the formation of the primitive skull, 
we have to consider a main cartilaginous mass^ or chondrocra- 
nium, a number of accessory cartilages, the upper visceral arches, 
and the membrane bones. 

The chondrocrdnium is a complicated mass of cartilage of 
exceedingly irregular formation, in which a niunber of definite 
areas may be recognized. Upon examination it is seen to con- 
sist of a larger dorsal and a smaller ventral enlargement, united 
by an isthmuslike part, the body of the sphenoid. A median 
stem, bent to enclose an angle of 115^ open caudo-ventrally, 
forms the main axis, this being made up dorsally of the flattened 
planiun basale and ventrally of the interorbital and nasal septa, 
or, employing the terms of Kolliker, the pars chordaJis and the 
pars praechordaUs respectively. These limbs are united by the 
corpus i^henoidale, or Balkenplatte of the German authors, 
which forms the apex of the angle. The four primary 
regions of the chondrocranium, which Gaupp has named, from 
behind forwards, the regio occipitalis, the regio otica, the regio 
orbitotemporalis and the regio ethmoidalis, are all represented 
in the median stem, in the order named, the first two being 
found in the pars chordaUs and the second two in the pars 
praechordaUs. 

Springing out from the sides of the planum we have the walls 
of tiie posterior cranial fossa, while to the ventral end of the 
axis are affixed the side parts of the ethmoidal and orbitotemporal 
regions. 
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If the structures lateral to the ventral limb of this stem be 
removed, we have an object which roughly resembles a dipper 
or saucepan, the curved handle being made up of the ventral 
part of the stem, while the bowl, perforated below and at the sides, 
is formed ventrally by the planum basale, and laterally and 
dorsally by the walls of the posterior cranial fossa, the median 
lip being situated at the tectimi posterius. 

The chondrocranium is, at this stage, a continuous morpho- 
logical luiit, but there is histological evidence going to show that 
certain of its parts were primarily separate. 

In addition to the chondrocranium proper a number of acces- 
sory cartilages, which have no direct connection with it and 
which have already been mentioned, also occur. They will be 
discussed in connection with the regions to which they refer, and 
are as follows: 

Cartilago cranii posterior Regio otica 

Cartilago cranii lateralis Regio otica 

Cartilago supracochlearis Regio otica 

Cartilago parasphenoidalis Regio orbitotemporalia 

Cartilago paraethmoidalis Regio ethmoidaliB 

Cartilago paranaaalis Regio ethmoidalia 

Cartilago meatus medii Regio ethmoidalis 

Of the recorded himxan embryonic skulls that of Levi ('00) 
for the 28 mm. stage most closely resembles my specimen, but 
is somewhat younger. The next nearest stage, represented in 
the Ziegler model of Hertwig's 80 mm. embryo, is somewhat 
older. 

The principal change which has occurred in the interval be- 
tween the 28 and 40 mm. stages appears to be the development 
of the anterior cranial fossa. In the Levi specimen this is rel- 
atively narrower and deeper than in mine, thus indicating an 
adaptation of this region to the increasing size of the anterior 
part of the brain. Levi notes that this part of the skull has 
made more rapid development than any other in the interval 
between the 17 mm. and 28 mm. stages^ and in the latter it is 
evidently still making rapid progress. When my model is com- 
pared with that of Hertwig, however, it is seen that in the period 
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between the 40 and 80 mm. stages the posterior fossa has made 
greater strides than the anterior, thus seeking to accommodate 
the enlarging, backwardly-growing cerebral hemispheres. The 
extent of development of the posterior portion of the brain- 
case in the interval between the 40 and 80 mm. stages will be 
realized when the ratio of the areas dorsal and ventral to the 
hypophyseal fossa, as they are found in the model of Hertwig 
and in my preparation, are compared. Although the dorsal 
area exceeds the ventral in my model the excess is. by no means 
so great as it is in Hertwig's. 

Speaking generally, since the 28 mm. stage of Levi there has 
been a flattening of the entire cranial floor. Between the 40 
and 80 mm. stages the zone of greatest enlargement has been 
the upper edge of the posterior cranial fossa, the effect being as 
thou^ this part had become stretched while the part around 
the foramen magnum had remained relatively stationary. The 
result is that the brain-case in this region has become more shal- 
low and the sides more flaring, with their lateral and dorsal 
surfaces directed more caudally than outwardly. The region 
above the parietal plates has shared in this expansion, as is seen 
by the more widely placed parietal bones in the model of Hert- 
wig, and this period of development has also witnessed the flat- 
tening out of the angle from the cranial aspect of the otic capsule, 
as may be seen when these skulls are compared. 

Other expansive changes which have taken place in the interim 
between the 40 and 80 mm. stages are noted in the region of the 
middle ear, in the floor of the mouth, and in the temporal and 
zygomatic fossae, the details of which will be taken up in the dis- 
cussion of the regions. In general one is struck with the large 
development of the cranial cavity, which gives to the Hertwig 
model a relative broadness when seen from the front, and has 
also resulted in a greater preponderance of the size of the cranium 
when compared with the facial region. A comparison of the 
Hertwig model with that of Jacoby for the 30 mm. stage brings 
out an even greater disproportion. 

Of the skulls of other mammals those of Macacus cynomolgus 
and Senmopithecus maurus, modelled by Fischer ('03), may be 
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mentioned. The similarity in general outline is quite striking, 
when these are compared with my specimen. The illustration 
of ihe caudal aspect of the skull of Macacus diows a flattened 
condition of the partes cochleares closely analogous to that which 
obtains in my model. Though the dorsal part of the cranium is 
relatively shorter it is very suggestive of the craniiun of homo, 
especially from the rudimentary condition of the side-walls. 

CHONDBOCRANIUM 

Planum basale 

That portion of the central stem of the chondrocranium which 
forms its dorso-caudal limb and is traversed medially and longi- 
tudinally by the notochord, is known as the planum basale 
(figs. 1, 2 and 5). It is an elongated and imperforated plate of 
cartilage of varying thickness, which extends from the inter- 
condylar incisure of the foramen magnum to the dorsal border 
of the hsrpophyseal fossa, and forms the most dorsal part of the 
skull-base. Its cartilaginous substance is directly continu- 
ous with that of three regions; with the occipital region caudo- 
dorsally where the planum is seen to pass over into the lateral 
portions of the occipital anlage, with the orbitotemporal region 
cranio-ventrally, where it coalesces with the body of the sphe- 
noidal cartilage at the dorsum sellae, and with the otic region 
laterally. The entire lateral border, with the exception of the 
extreme upper portion, is united to the pars cochlearis of the otic 
capsule, the line of union being indicated upon the medial sur- 
face of the latter by an elongated, narrow, crescentic strip (fig. 7). 
This line of union is formed of cartilage throughout, and in its 
cranial two-thirds this is of the same charsibter as that of the 
adjoining parts. In the lower third, however, there is to be 
seen, microscopically, a distinct but thin sheet of younger cartil- 
age, separating the adjacent parts of the planum and the cochlea, 
this being the last indication of the primitive separation of these 
parts. 

It is worthy of note in passing that the 17 nun. stage of Levi 
shows the first indication of a imion in the human skull between 
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the otic capsule and the planum basale, the craniahnost extremity 
of this bridge being the first to appear. 

Encircling the ssone of union of the pars cochlearis with the 
planum is a well-marked groove. The posterior portion of this, 
which may be known as the dorsal baaicochlear groove (fig. 5), 
is crescentic in outlinci and is fairly well defined. It contains 
the inferior petrosal sinus, and appears more sharply marked 
than in the models of Levi and Jacoby, judging from the illus- 
trations of these authors. The ventral portion — ^much deeper 
and narrower — ^is also crescentic, and may be termed the ventral 
basicochlear groove (fig. 2). These grooves meet, above and 
below, their confluences being marked by notches, designated 
the aphenocochlear and occipitococKtear notches (fig. 5) respec- 
tively. The sphenocochlear notch occupies the interval be- 
tween that part of the lateral surface of the corpus sphenoidale 
which lies dorsal to the processes alaris, medially, and the medial 
aspect of the cranial pole of the pars cochlearis, laterally (fig.l). 
It is narrow and deep. The occipitocochlear notch is theventro- 
medial extremity of the jugular foramen. 

Viewed from behind (figs. 1 and 5) the planum is seen to be 
concave from side to side in its lower two-thirds, and caiido- 
cranially throughout its entire extent. The cranial third of the 
dorsal surface terminates above in the crista transversa, a trans- 
verse ridge from which the dorsum sellae springs upwards, and 
which, according to Voit, may be taken to mark roughly the 
boimdary between the body of the sphenoid and the otic or upper 
portion of the planum basale. This area of the dorsal surface 
is convex from side to side, and covers the part of the planum 
which has been called the clivus of Blumenbach. The lower 
portion of the planum is quite steep, but the cranial portion is 
much more so, the inclination thus agreeing with the descrip- 
tion given by Levi for the 28 mm. stage. 

The ventral surface of the planum (fig. 2) is convex from side 
to side, and ahnost straight caudo-cranially. It is thus evident 
that the caudal and cranial extremities are thicker than the 
middle portion, the latter being in the position of a primitive gap 
in the cartilage as shown by Levi in the 13 nun. and 14 mm. 
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stages and by Froriep in the 17.5 mm. stage, the latter having 
found the planum broken by a gap, filled with perichondrium, 
1.9 mm. behind the canal of the hypophysis. This was just 
dorsal to the region where the occipitopharyngeal ligam^it, 
which had disappeared in older embryos (Levi), was inao-ted. 
This primitive gap (of which there is no evidence in my model, 
except the relative thinness of the cartilage in this region— 
and in this my findings agree with those of Levi and Jacoby 
for the 28 nmi. and 30 mm. stages respectively — ^marks the site 
of the division which* exists in early stages, between the two 
constituent parts of the planum, viz., that lying below it, be- 
longing to tibe occipital region and representing the anlage of 
the future basi-occipitalis, and that Isring above it, the clivus 
of Blumenbach, which is destined to form the basi-sphenoidalis, 
and has been included in the otic region. 

The connection of the clivus with the body of the cartilaginous 
sphenoidal anlage is very primitive, according to the investi- 
gations of Levi upon young human embryos, as in the 13 mm. 
stage it is present while as yet there is no cartilaginous otic cap- 
sule in existence. This circumstance, combined with the re- 
lation^p of the clivus to the basi-sphenoidalis of the osseous 
condition would seem to indicate that the upper portion of the 
planum should be grouped with the regio orbitotemporalis 
rather than with the regio otica, and this has been done by Levi, 
Jacoby and Van Noorden, but since Gaupp has more recently 
i^own that the upper portion of the planum is more properly 
included with the otic region, and as several authors have since 
followed this course for the mammals (Voit, Mead) I shall adopt 
it in this description. The more minute details of the occipital 
and otic portions of the planum will be considered in the dis- 
cussion of these regions. 

The material composing the planum basale is mature cartilage, 
of uniform character, excepting one small, isolated mass of en- 
larged, vacuolated, cartilage cells, the nuclei .of which appear 
larger and more darkly-staining than those of the surrounding 
areas, and the ground-substance of which has stained a dark 
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purple, thus standing in sharp contrast to the bluish matrix of 
the cartilage. This mass appears to be opposite the first part 
of the sub-basal course of the chorda dorsalis, and lies just ventro- 
caudal to the middle of the long axis of the planum. It belongs 
to the occipital portion, and is separated from the perichondrium 
by a thin sheet of mature cartilage. The perichondrium in the 
vicinity of this mass is unchanged, and contains no osseous 
tissue. In the 28 mm. stage of Levi the cells were, in this area, 
very large, and were surrounded by a very prominent capsule. 
We have in this area, no doubt, the beginning of the endochondral 
ossification center of the basi-occipitalis, which is said by Mall 
C06) to appear on the 65th day. 

The course of the chorda dorsalis has become familiar through 
numerous investigations, and I have nothing to add concerning 
it. The condition which I find agrees essentially with that 
illustrated by Fawcett for the 21 nun. stage (Fawcett '10a, fig. 2). 
The site of the future ligamentum suspensorium dentis, at the 
apex of the intercondyloid incisure, is marked by a coiled con- 
dition of the notochord, which corresponds to an intervertebral 
disk. 

In my model the caudal portion of the planum is but slightly 
wider than the cranial, a condition which stands in sharp contrast 
to that found in the model of Hertwig, where one notices that, 
though the entire planum has undergone a widening, the region 
bordering the primitive foramen magnum has outstripped the 
jp^ore cranial portion in this regard. This broadening has, of 
course, separated the caudal extremities of the ventral and 
dorsal basicochlear grooves. The latter are both shallower 
and less strongly marked than in my model, as are also the 
sphenocochlear notches. Further, the side-to-side concavity 
in the model of Hertwig is almost obUterated, as is also that 
from above downward, and the inclination of the planum in the 
latter model is less steep than in mine. 
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Regio occipitalis 

The occipital region haS| in general, the form of a ring, whose 
irregular circumferencei stoutly built and steeply sloping van- 
trally, plate-like and gently shelving dorsally, encloses the lower 
part of the posterior cranial fossa, the floor of which is perfor- 
ated by an elongated fissure, the primitive foramen magnum 
(fig. 1). Its appearance suggests the occipital bone, of which 
it is the cartilaginous precursor. 

Ventrally the ring is completed by a dorsally concave plate of 
cartilage, the basilar portion of the occipital anlage, which has 
been described as the lowermost part of the planum basale. As we 
have seen, the basilar portion is directly continuous cranially and 
laterally with the regio otica; below it splits to form the condyloid 
or lateral portions of the regio occipitalis, which spring downwards, 
outwards and slightly backwards and enclose, with their deviat- 
ing, flattened limbs, the incisura intercondyloidea, marking the 
ventralmost part of the primitive foramen magnum. Reach- 
ing the most caudal points of the primitive skull at the paired, 
downwardly projecting ventral • foraminal prominences (figs. 2 
and 3), upon the site of the future condyles of the occipital bone, 
they suddenly bend upwards and outwards, twist on their long 
axes so that the inner surfaces, which before looked dorso- 
medially now look principally cranially, and at the same time 
they broaden ventrally and laterally, their outermost borders 
coming to underlie and support the partes canaliculares of the 
otic capsules. The lateral wing-like plate, which is thus formed 
on each side, is really the ventral and narrowest part of the squa- 
mous portion, and is known as the lamina alaris (Voit) (fig. 5). 
Ventrally it terminates in the prominent processus paracondy- 
loideus, (figs. 2, 3 and 4) which may be seen from the front pro- 
jecting laterally from the outer slu^Face of the condyloid portion; 
dorsaUy it broadens into the squama, which becomes steeper, 
and swings medially to pass into the tectimi posterius (fig. 5). 
The upper border, after skirting the dorsal surface of the ear 
capsule, passes backwards and inwards, being continuous above 
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with the lower border of the parietal plate; the lower border 
forms the lateral and dorsal boundary of the primitive foramen 
magnum. 

When regarded from the front (fig. 2) the lateral or condyloid 
portions appear as paired, caudo-lateral extensions of the planum 
basiale, their outer slufaces being simply continuations of the 
ventral convex surface of the planum; or, stating the same thing 
another way, if the anterior surface of the planum -be regarded 
^ as a section of a cylinder, ihen the outer surfaces of the lateral 
portions may be looked upon as localized widenings of the same. 
The upper boundary of each may be arbitrarily marked off by 
a line drawn from the tip of the occipitocochlear notch to the 
ventral foramina! prominence (fig. 5), cutting just ventral to the 
hypoglossal canal, and representing approximately the line of 
separation which exists between these elements as they occur in 
their osseous condition at birth. The caudal portion of the 
planum thus includes the intercondylar incisure. Piercing the 
outer surface of the lateral portion, which looks ventro-laterally, 
is seen the outlet of the hsrpoglossal canal (fig. 2). Upon reach- 
ing the external edge of the latter the outer surface becomes 
narrow, and passes directly outward upon the aforementioned 
processus paracondyloideus. 

Seen from behind, the inner surfaces appear as caudolateral 
continuations of the side-to-side concavity of the dorsal surface 
of the planum (figs. 1 and 5). They look medially, dorsally 
and somewhat cranially, and present the inlet of the hypoglossal 
canal. The lower borders are by far the thicker, and form the 
lateral limits of the incisura intercondylbidea, and each, as has 
been noted, passes over the ventral foraminal prominence to be 
thence continued dorsally as the lateral border of the foramen 
magniun (fig. 2). This portion of the border of the foramen, 
and the lower border of the condyloid portion, much resemble 
one another in thickness and roundness on cross-section, and 
when the skull is regarded from the side the ventral foraminal 
prominence, formed by their approximation, appears as the 
apex of an angle directed downwards and dightly forwards (fig. 3). 
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The rounded upper border broadens dorso-Iaterally and bi- 
furcates to enclose the hollow jugular recess (fig. 5), the ventral 
limb pasfflng laterally to become the ventral border of the pro- 
cessus paracondyloideus (figs 2. and 4) y while the dorsal is marked, 
at its termination, by a small eminencci the anlage of the future 
jugular tubercle (fig. 5). 

The hypoglossal canal, whose inlet and outlet have been noted, 
pierces the condyloid portion in a direction from within out- 
wards and forwards. It lies rather nearer the upper than the 
lower border, between the jugular tubercle above and the ventral 
foraminal prominence below. The righ% canal is unpartitioned, 
but the left presents a bar of cartilage which separates its inner 
third into cranio-ventral and caudo-dorsal inlets. This bar has 
a general direction from above downwards, forwards and in- 
wards (fig. 5). The outer two-thirds of this canal is not divided. 

When the s^tions are followed from behind forward it is notSed 
that two fasciculi of the hypoglossal nerve come into close ap- 
position, one with the other (though they remain, for a time, 
separated by their sheaths), just dorsal to the entrance of the 
hypoglossal canal. These are of about equal size, and pierce the 
dura as a single strand, to enter the canal (on the left side the 
caudo-dorsal inlet) after a short sub-dural course. A third strand, 
equal in size to the first two combined, may be seen to pierce the 
dura shortly after the first two, but remains separated from the 
latter (on the left side by the aforementioned septum) while 
traversing the canal. Upon emerging the strands unite and 
shortly after their exit they become intimately associated with 
the vagus. In the canal they are accompanied by some small 
veins — the anlage of the rete of the hsrpoglossal canal — and a 
small artery. The great bulk of the canal space is, however, 
filled with loose connective tissue. 

The processus paracondyloideus,* already referred to more 
than once, forms a conspicuous object as it brings from the 

^ It may be here noted that Voit uses the term "processus paracondyloideus" 
to apply only to the outer projecting tip (as it is foimd in the skull of the rabbit) 
of the structure which I have designated by this term. Mead, in describing the 
skull of the pig, uses the name "processus paroccipi talis" with the same meaning 
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outer surface of the condyloid portion just lateral to the hjrpo- 
glossal canal (figs. 2 and 4). The straight line which joins the 
outermost tips of the processes passes through their roots also, 
and meets the median sagittal plane at a right angle, thus show- 
ing that each process is perpendicular to the sagittal plane of 
the head. The coronal plane in which this line lies cuts the 
ventral foraminal prominences. E^ch process is prismatic in 
shape, and thus presents three surfaces, which meet at the most 
lateral point, or tip. The medial part of the cranial surface is 
hollowed for the recessus jugularis; the lateral part lies outside 
of the cranium (fig. 4), its convex area forming the outermost 
termination of the caudal delimitation of the jugular foramen. 
Immediately above this convex surface appears the proximal, 
curved end of the cartilage of Reichert. The remaining sur- 
faces look ventro-caudally and dorso-caudally respectively, and 
are separated by the caudal border, which projects downwards 
in a ridge-like manner (figs. 2 and 3), and forms a prominent 
object, when the skull is regarded from below, as it springs 
laterally from the outer part of the ventral foraminal prominence. 
The dorsal border is continuous with the lamina alaris. The 
ventral border is free (figs. 2, 4 and 5), and is thin in its medial 
half, where it bounds the recessus jugularis ventrally. From 
within outwards it follows a curved line, convex ventrally, and, 
in the region of the recessus jugularis, there is a small cranial con- 
cavity, over which the jugular vein and accompanying nerves pass. 
As has been observed before, this ventral border is the anterior 
extension of the bifurcated upper border of the condyloid portion. 
The left process presents a slight difference When compared 
with the right. A small foramen (figs. 2 and 5) is seen to txmnel 
under its ventral border, thus forming a passageway from the 
recessus jugularis within to the ventro-caudal surface of the 
process on the outer aspect of the skull. The outlet lies just 
lateral to that of the hypoglossal canal. Though the right side 

as Volt gives to the term ''processus paracondyloideus." I have selected the 
•latter term, and used it in a more extended sense, as applying to the entire struc- 
ture corresponding to the transverse (and perhaps costal) process of the occipital 
vertebra, since this represents a morphological unit. 
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does not present this foramen the cartilage in this locality is very 
thin. The foramen contains nothing but loose connective tissue 
and its direction is from within downwards and forwards. It 
may be known as the paracandyUnd foramen, and appears in the 
model of Hertwig on the right side only. 

The squamous portions form the dorsal, and most of the lateral, 
part of the occipital ring. The architectural, and, as we shall 
later see, possibly the developmental foundation of each half, 
is the crescentic bar of cartilage which forms the lateral bound- 
ary of the primitive foramen magnum, and extends between 
its two prominences (figs. 1, 2 and 5). Rounded in cross-section 
it is seen to diminish in size gradually and uniformly from before 
backwards. Ventrally it is directly continuous with the condy- 
loid portion (and may even be looked upon as a backward ex- 
tension of this), the area of union being marked by the anlage of 
the future condyle, which has been termed the ventral foraminal 
prominence. Its principal direction is dorsal and slightly cranial, 
in contrast to that of the condylar portion, which, as has been 
noted, is caudal, lateral and sli^tly dorsal. Its concavity looks 
medially and slightly caudally, the latter curvature being evi- 
dent when the skull is regarded from the slide (fig. 3). Dorsally 
it terminates in the paured dorsal foraminal prominences, which 
mark the entrances into the incisura occipitalis superior. As 
will be seen later this bar corresponds to the neural arch of the 
occipital vertebra, and will be hereafter referred to as such. 
Medial to it is the anlage of the future medulla oblongata. Just 
above its ventral portion appears the jugular tubercle, and, upon 
examining the cartilage in this location, the cells are seen to pre- 
sent, from the dorsal part of this tubercle to a point about midway 
between the foraminal prominences, a condition similar to that 
which obtains in the central part of the baalar portion. This 
would seem to point to the beginning endochondral ossification 
of the ex-occipital portion of the occipital bone, the center for 
which, according to Mall ('06) appears on the 56th day. The 
ventral part of this center is confined to the jugular tubercle, but, , 
as the sections are followed backward, it is found that it gradually 
comes to involve the entire core of the neural arch. The involve- 
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ment in ossification of the jugular tubercle is to be noted, as this, 
as we shall later see, is probably to be regarded as the superior 
articular process of the occipital vertebra. 

Springing laterally and dorsally from this neural arch we find 
the upward-shelving squama, which narrows ventrally into the 
lamina alaris, and dorso-medially participates in the formation 
of the tectum posterius. Its lateral portion is widened. The 
upper border of the squama may be divided into ventral and 
dorsal portions, the former being connected with the otic capsule, 
and the latter with the parietal plate (figs. 3 and 5). The ven- 
tral part is fitted closely to the caudal and dorsal surfaces of the 
pars canalicularis of the otic capsule, the line of union being 
crescentic in shape, with concavity looking upward, forward 
and outward. This border extends cranio-dorsally from the 
outer angle of the jugular forameli to the fissura capsulooccipi- 
talis (Voit), and its position is marked on both the inner and outer 
aspects of the skull by crescentic grooves, formed by the approxi^ 
mation of the flattened occipital and rising otic surfaces. These 
furrows, which may be known as the medial and lateral capsula- 
occipital grooves (figs. 3 and 5), are not equally well marked, that 
on the inside of the skull being much the deeper. It contains 
part of the transverse sinus. 

Evidence of an earlier separation between the pars canalicu- 
laris and the squama is afforded by the microscopiic appearance. 
Between these structures there is seen, ventrally, a thin sheet of 
perichondrimn, its plane being parallel with the transverse planes 
of the head, and when the sections are followed dorsally this 
is f oimd to give place to a cartilage of younger type than that 
surrounding it, this being traceable almost as far back as the 
capsulooccipital fissure. The younger condition of the inter- 
vening tissue in the region of the jugular foramen as compared 
with that farther back would seem to indicate that fusion of the 
parts has taken place in the more dorsal part first, and has 
gradually progressed forward, and this assiunption is bom out 
by examining the illustrations of Levi. In his 14 mm. model 
(which is the earliest stage in which the otic capsule appears) 
the pars canalicularis and squama are almost entirely separated 



338 CHARLES CLIFFORD KACKLIK 

by an elongated fismire extending from the jugular foramen to a 
small bridge of cartilage which cuts off the capsulo occipital 
fissure, and it is believed that this long cleft represents the metotic 
fissure of the lower forms. Upon examining the illustration 
of Levi's 17 mm. stage it is found that the aforem^itioned smaU 
bridge of cartilage has considerably widened ventro-medially, 
and in the subsequent 28 nmi. stage the squama and the pars 
canalicularis are united as far as the jugular foramen. In both 
the 17 and the 28 mm. stages of Levi the union was marked 
by a separating sheet of perichondrium. 

At the caudo-ventral extremity of this union there is seen a 
small notch, passing laterally from ^e outer part of the jugular 
foramen to lose itself upon the external surface of the skull, just 
above and behind the tip of the paracondyloid process. 

It may be noted that the otic capsule, between its dorso-lateral 
connection with the squama and its ventro-medial connection 
with the planum basale, forms a bridge, uniting these structures, 
roofing the rebessus supraalaris, and affording an upper delimita- 
tion for the foramen jugulare. 

Dorsal to the capsulooccipital fissure the upper border of the 
squama proceeds backwards and inwards^ and describes a cm^e 
with concavity upwards, to reach a small eminence, seen in the 
Hertwig and other models, which may be known as the dorsal 
occipiUd prominence (figs. 1 and 2). Beyond this it falls away to 
join with the upper border of its partner of the opposite side, 
this junction resulting in the formation of a dorsal concavity, 
directed upwards, which marks the upper edge of the tectum. 
Between the capsulooccipital fissure and the dorsal occipital 
prominence the squama is continuous cranially with the parietal 
plate. The line of union of the two lies at the bottom of a groove, 
seen from the inner aspect of the skull. It may be known as the 
occipitoparietal groove (fig, 1) and presents, on the right side two 
perforations, on the left one, through which small veins pass. 
The paired foramen (known as the occipitoparietal fissure^ (figs. 
3 and 5), is the larger, is elongated, and is situated about 
midway between the extremities of the groove. It perforates 
the groove at the most caudal part of its course. The smaller 
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foramen, which is limited to the right side, appears just in front 
of the larger. On the right side the terminal fourth of the upper 
border of the squama is separated from the slender dorsal tip of 
the parietal plate by a narrow slit. The parietal plate appears 
to end freely, but dorsal to this there are what appear to be 
degenerating cartilaginous cells, connecting the end of the parietal 
plate with the squama. This may indicate that these structures 
were united at an earlier time. 

I regret that the dorsal extremity of the head of my embryo 
is missmg, and that I am, on that account, unable to ascertain 
the condition in this region. On the right side the sections ter- 
minate in the dorsal occipital prominence, and show that the 
parietal plate has come to an end before this, as described. Owing 
to the fact, however, that the sections were cut obHquely, being 
deeper on the right side than on the left, I am unable to say 
whether or not the termination of the left parietal plate, and the 
relations which it bears to the squama, are the same as those 
found on the right side. I have, however, assumed that they are, 
and have sb constructed my model; this having been done there 
was only the gap between the dorsal occipital prominences to 
be filled in, and this I did by reference to the Levi illustrations 
and Hertwig model. There are indications, on the left side, 
that tile separation of the posterior eKtt-emity of the parietal 
plate will ti^e place, as it has on the right, the cartilage connect- 
ing it to the squama, in the last few sections, being very thin. 

£i the membrane just lateral to the tip of the right parietal 
plate and dorsal occipital prominence there appears the weakly 
staiiung spicule of the interparietal bone. I have not repre- 
sented it in the model, since only a small fragment is available, 
the remainder being included in the missing sections. 

The sections go back sufl5ciently far to show that the occipital 
squamae unite dorslal to the tip of the superior occipital incisiu*e, 
to form the tectum posterius, thus differing from the findings 
of Voit ('09) in lepus, who states that the squamae never reach 
the midline, the edges of the superior occipital incisure being 
the dorsal borders. I am, of course, unable to ascertain the 
exact width of the tectum. 

THE AMBBICAN JOURNAL OF AWATOMT. YOU 16. ItO, 3 
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The ventral part of the lower border has been described as the 
neural arch. Dorsal to this the character of the border changes 
completely, for, after the dorsal f oraminal prominence is passed 
it loses its thickness and roundness on section, and becomes thin 
and serrated. This portion borders the superior occipital incis- 
ure, and really represents the lower portion of the original dorsal 
border, the upper portion being united to form the tectum pos- 
terius. The latter, according to Levi's investigations, is formed 
somewhere between the 14 and 17 mm. stages by dorsal fusion 
of the squamae. 

The surface outlined by the above-described boundaries has 
been seen to become narrower ventrally in the lamina alaris 
(fig. 5). This is a wing-like plate of cartilage, bounded ventrally 
by the processus paracondyloideus. The outer edge of its up- 
per surface bears the caudal extremity of the pars canalicularis 
of the otic capsule, and medial to this the upper surface, which 
looks principally cranially, participates ventrally in the structure 
of the hollow recessus jugularis, and forms the floor of the re- 
cessus supraalaris. The latter is a cleft between the lamina 
and the overhanging pars canalicularis of the otic capsule (fig. 5) 
through the lateral part of which the transverse sinus passes. 
The lower surface of the lamina alaris is also hollowed in the 
more central parts of the paraf oraminal area (fig. 2, p. 372), and 
the plate is, therefore., quite thin — in fact on the right side it is 
perforated by a ^nute foramen, just lateral to the neural arch 
(fig. 1), and posterior to the jugular tubercle, through which a 
small vein passes. This foramen is doubtless the representative 
of the condylar foramen of the adult condition. Dorsally the 
lamina alaris becomes wider, thicker, and more vertical in slope, 
as it passes into the larger posterior portion of the squama. 
The inner surface is smooth, and presents, dorso-lateral to the 
tip of the superior occipital incisure a small oval foramen on the 
right side, but not on the left, through which a small vein passes 
(fig. 1). A very shallow groove runs parallel to the neural arch, 
just lateral to its upper aspect. 

Upon the outer surface the most prominent object is a rounded 
eminence, — the lateral occipital eminence — (fig. 3) which appears 
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immediately dorsal to the otic capsule^ and is separated there- 
from by the cranial portion of the lateral capsulooccipital groove. 
Its posterior part projects slightly into the cranial cavity (fig. 5), 
and its edges are ill-defined, fading gradually into the surround- 
ing cartilage. This marks the thickest part of the squama. It 
may be followed caudally as a low ridge on the outer surface, 
and is seen to meet, almost at a right angle, a second ridge, which 
extends from the tip of the paracondyloid process to the dorsal 
f oraminal prominence, and to which the name crescenHc ridge 
(figs. 2S) may be given, the point of union being about the 
center of the latter. 

The crescentic ridge, seen only an the outer surface of the skull, 
is a low elevation which sweeps dorsally and medially, between 
the extremities above mentioned, and in so doing describes a 
curve with convexity backwards and outwards. At its ventral 
end it is diarply defined, and is separated from the ear capsule 
by the small notch which stretches outward from the jugular 
foramen. Dorsally it is wider, and its margins are not so clearly 
outlined. It is of considerable thickness throughout, and is the 
lateral boundary of a semi-crescentic area — ^well seen in E. 
Fischer's ('03) illustration of the skull of macacus cjmomolgus, 
and also in Voit's picture of the skull of lepus — ^which may be 
known as the paraforaminal area (fig. 2). It is bounded medially 
by the rounded edge of the neural arch, and ventrally by the 
caudal border of the paracondyloid process. Its hollowed cen- 
tral portion, which represents the lower surface of the lamina 
alaris, has been before referred to, and on the right side has been 
seen to be perforated by the minute condylar foramen. We 
find, therefore, that the thickest parts of the squama are situated 
inmiediately behind and below the ear capsule, and are represented 
by the lateral occipital eminence and the crescentic ridge, the 
former, just behind the capsulooccipital fissura, being slightly the 
thicker. The area dorsal to a line passing from the dorsal f orami-% 
nal prominence to the occipitoparietal fissure is very thin, and pre- 
sents a short distance behind this line evidence of commencing ossi- 
fication.^ The cartilage appears to be undergoing greatest change 
in the region immediately dorso-lateral to the tip of the superior 
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occipital incisure, and dorsally the modified cartilage may be 
traced as far as my sections go. This area no doubt represents 
the center of ossification of the supraoccipital, which according 
to Mall ('06) ossifies from four centers, the first pair appearing 
in the region inunediately dorsal to the foramen magnum on fiie 
55th to 56th day, and being followed by other paired centers in 
the region ventral to this. 

In all there have been noted in the occipital region five com- 
mencing centers of ossification, one, median, for the basilar 
portion; two, lateral for the condyloid portions, and two, lateral, 
for the squamous portions. In the vicinity of these centers the 
cartilage grades off into that, surroimding them. Of the rest 
of the cartilage it may be noted that the material of the venial 
border of the paracondyloid process, of the ventral part of the 
jugular tubercle, and of the body of the condyloid portion lateral 
to the hypoglossal canal shows a more advanced character than 
the remainder. 

The atlantooccipital capsules are present; each is a sac composed 
of a dense sheet of perichondrium, covering the applied facets 
of the atlas and condyloid portion of the occipital cartilage. 
They are richly cellular, and above them the cartilage is of a 
younger type than that found in the remainder of the mass, 
but gradually grades off into the more mature type. 

The primitive foramen magnum (figs. 1-2) is, at this stage, 
worthy of examination. It consists of three parts; a large 
central area, with which are contiinuous ventral and dorsal in- 
cisures. The central portion is bordered by the crescentic, 
rounded neural arch, and its plane looks upward and slightly 
forward. Ventrally is to be seen the intercondyloid incisure, 
its plane looking dorso-cranially, and this plane forms an angle 
with the main portion, which is open cranio-dorsally. This 
incisure remains a part of the foramen, later undergoing widen- 
ing, and rounding out at the tip, as may be seen by examining 
the Hertwig model and the osseous skull. Behind the central 
portion, and appearing as a dorsal prolongation of it, is the 
superior occipital incisure, filled by the membrana atlanto- 
occipitalis dorsalis. The plane of this incisure is somewhat 
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steeper than that of the part m front, and thus it forms an angle, 
looking cranially and slightly ventrally, with that of the main 
area. This is shown upon the lateral contour of the skull as the 
point of an angle, directed downward and backward, marking 
the tip of the dorsal foraminal prominence (fig. 3). 

The superior occipital incisure, though representing the dorsal 
part of the primitive foramen magnum, is by no means a part 
of the adult foramen magnum, as its edges imlte later to com- 
plete the caudo-dorsal closure of the occipital region, the dorsal 
limit of the foramen magnum becoming set by the approxima- 
tion of the dorsal foraminal prominences, as shown by the 
researches of Bolk ('04). 

I find no evidences of the condition which Bolk describes at 
the posterioi* extremity of the foramen magnmn, viz., a central 
cartilaginous mass (formed by the fusion of paired pre-existing 
masses) which lies between the upturned dorsal extremities of 
the occipital ^de-walls. 

It seems clear from the work of various investigators, begin- 
ning with Froriep ('86), that although the occipital region of the 
mammals has been developed from the skeletogenous elements 
of four metameres, only the most caudal ever attains the status 
of a mature sclerotome, the three craniahnost being undiffer- 
entiated and playing but a minor part in the construction of the 
adult bone. This being true it follows that the story of the 
evolution of the occipital anlage is largely the story of the develop- 
ment of the caudal segment, or, as it will be hereafter called, the 
occipital scleromere or primitive occipital vertebra. 

As in the spinal region, so in the occipital, the sclerogenous 
tissue passes through successive and overlapping membranous 
or blastemal, chondrogenous and osteogenous phases (Bardeen 
'05, '08), and in each phase the condition in the occiput recalls 
that of the corresponding phase in the vertebrae. Thus in the 
blastemal stage the occipital scleromere shows paired chordal 
processes joining across the midline in the region of the notochord, 
and paired neural processes embracing the neural canal as in the 
spinal scleromere; the costal processes are, apparently, poorly 
developed in the occipital scleromere. But along with this 
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marked amilarity to the vertebrae the occipital scleromere shows 
certain individual peculiarities. Instead of uniting with the 
cranial portion of the segment immediately caudal to it, after 
the fashion of the other scleromeres, it retains its connection 
with the cranial portion of its own segment, and this, in turn, 
becomes united with the tissue of the three cranial, undifferen- 
tiated sclerotomes, the membranous anlage thus formed being 
known as the occipital plate (Bardeen '08 and '10). According 
to Froriep the occipital scleromere is marked off from the un- 
differentiated sclerotomes by the caudal root of the hypoglossal 
nerve. 

The middlepiece of the occipital plate is made up in its caudal 
portion of the chordal processes of the occipital scleromere, and 
in its cranial part it also contains the elements of the body masses 
of the imdifferentiated segments. So also while the lateral 
portions are mainly formed of the neural processes of the occipi- 
tal scleromere they also contain, in the region cranial to the 
hypoglossal canal, remnants of the condensed lateral masses 
of the imdifferentiated segments (Froriep, Levi). 

In the chondrogenous stage of the occipital anlage of man, 
for the knowledge of which we are principally indebted to Levi, 
there are also striking resemblances to the vertebral conditions. 
The 13 mm. stage, studied by this author, shows the beginning 
of the transition from the membranous to the cartilaginous 
condition and in this paired masses of condensed chondrogenic 
mesenchyme, separated by the perichordal septum, were situated 
dorso-caudally in the middlepiece or basilar portion, and in the 
dorsal part of each mass, medial to the hypoglossal nerve, a small 
cartilaginous nodule occurred, recalling the paired chondrous 
centers of the body of a spinal vertebra. The mesenchymatous 
masses, representing the chordal processes of the occipital sclero- 
mere, were joined ventrally ; they are the first portions of the occip- 
ital anlage, and indeed of the entire chondrocraniiun, to under- 
go chondrification, and eventually form the diverging, caudo- 
lateral portions of the pars basilaris bordering the foramen 
magniun. In the matter of priority in time of chondrification 
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of the body over the arch processes the occipital scleromere 
resembles those of the atlas and axis. 

In the 14 mm. stage of Levi chondrous paired centers for the 
neural processes of the occipital vertebra arise, lateral to the 
hypoglossal nerve roots, and speedily unite by continuity of 
cartilage with the nodules just mentioned, which also join with 
one another in the same way, at first ventrally. The fused 
basilar centers are a little later joined by the chondrifjring middle 
part of the undifferentiated sclerotomes to form the median 
part of the pars basilaris, and the chondrifjring lateral masses 
of the imdifferentiated sclerotomes join the neural processes. 
Thus the basilar portion, which may be taken to extend to the 
ventral margin of the hypoglossal canal is built up from the 
middle parts of all of the primitive occipital segments, the por- 
tion included in the anterior margin of the foramen magnum 
arising from the body mass of the occipital scleromere, and the 
cranioventral part coming from the body masses of the undiffer- 
entiated sclerotomes. 

A lateral outgrowth from the neural arch is seen in a mem- 
branous condition in the 13 mm. stage of Levi, and is somewhat 
later in chondrifying than the neural arch of either the occipital 
vertebra or of the atlas. It represents, doubtless, the trans- 
verse process of the occipital vertebra, and is spoken of by Levi 
as the Querleiste. The costal process of the occipital vertebra 
has not been shown to have a separate center of chondrification. 

It is to be noted that in the 13 mm. stage of Levi the bodies 
of the occipital vertebra, atlas and axis are represented by paired 
masses of chondrogenic mesenchyme, separated by the perichordal 
septum, and each mass contains a small nodule of cartilage (except 
in the case of the axis, where the two nodules have fused), their 
neural arch processes being entirely membranous. In the 14 mm. 
stage of Levi not only are the bodies chondrified but also the 
neural arches; for in the occipital vertebra a chondrous center 
appears just lateral to the hypoglossal foramen, and the arches 
of the atlas and axis also present each a small nodule of carti- 
lage. Thus chondrification takes place simultaneously in cor- 
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responding parts of the occipital and first and second spinal 
vertebrae. 

The paired cartilages of the body of the occipital scleromere 
of Levi's 14 mm. stage appear to be Aaw in joining dorsally, 
being f oimd separated in this region by the perichordal septum, 
while their ventral parts are imited. This is possibly to be ex- 
plained as a result of expansion in this region, from intracra- 
nial pressure. 

The above identification of the cartilaginous neural arch of 
the occipital vertebra and its appendage, the transverse proc- 
ess, as found in the early Levi models does not agree with this 
author's own interpretations of his findings. In his earliest 
human skull, from a 13 nmi. embryo, Levi shows, lateral to the 
roots of the hypoglossal nerve, what he calls the lateral portions, 
from whose lateral surfaces the Querleisten project directly 
outward, and he figures the latter in all four of his stages. In 
the 14 mm. stage he finds in each lateral portion, just external 
to the hypoglossal nerve roots (Levi, text fig. 2) a cartilaginous 
center, which speedily joins with that for the body mass, which 
latter, as has already been noted, represents the chondrification 
of the body of the occipital scleromere. It seems evident that 
the center of chondrification in Levi's lateral portion is the 
center for the neural process of the occipital scleromere, with 
possibly the addition of the center for the imdifferentiated por- 
tion, and hence it follows that the club-like membranous mass 
in which this nodule is f oimd is the neural process of the occipital 
scleromere, which, with its partner, builds the lateral part of 
the neural canal of the occiput. Furthermore, these lateral por- 
tions are in direct alignment with the spreading arch-processes 
of the imderlying cervical vertebrae, as is shown by the illus- 
trations of Levi, and, though this author does not label them as 
the arches of the occipital vertebra, Bardeen, in his copy of Levi's 
illustration of his 13 mm. stage in Keibel and Mall's ''Hxmian 
Embryology" (vol. 1, p. 401) gives them what I regard as the 
correct designation, ''Arcus vert, occip." Though the lateral 
portions of the occipital vertebra are here considerably larger 
than the arches of a cervical vertebra this extra size is probably 
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a local adaptation. Again, at the same time (14 mm. stage) 
according to Levi the arch mass of the imdifferentiated sclero- 
tomes has chondrified. It would, indeed, be surprising if the 
neural arch of the occipital vertebra were still membranous at a 
time when the arch processes of the imdifferentiated sclerotomes 
were chondrified (those of the atlas and axis being also chondri- 
fied), as would be the case if Levi's interpretation were correct. 
My identification obviates this difficulty. 

Accepting this interpretation it follows that the small processes 
or Querleisten which project laterally from the lateral processes 
cannot be the tips of the neural arches, as Levi describes them; 
they are really the anlagen of the transverse processes of the 
occipital vertebra. Levi, who does not account for the dorsal 
tips of the lateral portions of the occipital vertebra at all, is led 
to conclude that the Querleisten represent the tips of the neural 
arches, apparently, by the histological resemblance of their 
tissue, in the early stages, to that composing the tips of the neural 
arches of the underlying cervical vertebra. He remarks, how- 
ever, that the Querleiste is very tardy in chondrif ying when com- 
pared with the neural tip of the atlas, a detail which is, if anything, 
opposed to his identification of it as the tip of the neural arch of 
the occipital vertebra, but is what might be expected if it be 
homologized with a transverse process. The Querleisten are 
shown in the Levi models to be in direct alignment with the 
transverse processes of the cervical vertebrae, and they never 
come together dorsally and unite, after the fashion of the dorsal 
extremities of the neural arches. They are identical with what 
I have called in my model the paracondyloid process, following 
Voit, who described similar structures in the rabbit, and identi- 
fied them as the representatives of the transverse processes, 
also remarking that the rectus capitis lateralis muscle, which 
each has attached to its lower surface, is to be regarded as the 
morphological equivalent of an intertransversarius muscle. 
Mead ('09), too, finds a similar and very strongly marked process 
in the skull of the pig, and calls it the paroccipital process. Both 
Levi and Voit state, correctly I believe, that the process ulti- 
mately becomes the jugular process of the occipital bone. 
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My identification of the primitive elements forming the pars 
basilaris also is not exactly in agreement with Levi's, but the 
(Merence depends largely on where the line between the basilar 
and lateral portions of the occipital anlage is drawn. I have as- 
sumed the separation between these portions to be approximately 
as it exists at birth, while Levi includes in his lateral portions the 
nodules which I believe represent the paired body of the occipital 
vertebra. If my interpretation of these structures is correct 
they should be regarded as constituents of the basilar portion, 
which would thus represent the body masses of the imdiff erentiated 
sclerotomes plus the body mass of the occipital vertebra, while 
according to Levi's view it would represent only the body masses 
of the undifferentiated vertebrae. 

In the later development of the chondrogenous stage the 
forerunners of the individual features of the occipital bone b^in 
to show themselves, and we find cartilaginous representatives 
of the body, pedicles, inferior and superior articular processes, 
transverse (and possibly costal) processes, laminae and spinous 
processes, these almost altogether differentiating from the occipi- 
tal scleromere. The development of the body (pars basilaris) 
has already been discussed. The pedicles are, of course, rep- 
resented by the cartilaginous tissue in the region of the hypo- 
glossal foramen, but here we have material added from the 
lateral mass of the cranial sclerotomes, (Froriep, Levi), which 
results sometimes in the partitioning of the foramen, as may be 
seen on the left side of my model, and as has frequently been 
found by other observers in young embryos of homo and other 
mammalfl. The inferior articular process is, doubtless, repre- 
sented by what has been designated the ventral foraminal prom- 
inence, the forerunner of the condyle, though the condyle of 
the matiu^ bone is partly formed by the pars basilaris. The 
rudiment of the superior articular process is, perhaps, to be seen 
in the jugular tubercle. The transverse process, as we have 
seen, is to be foimd in the paracondyloid process, and there is 
some evidence to indicate that in this latter there may be in- 
cluded the costal process as well. It will be remembered that 
the paracondyloid process was perforated on the left side by 
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the paracondyloid foramen, and that on the right side the corre- 
sponding area of cartilage was thin, and, further, that the Hert- 
wig model also presented this foramen on one side. It pierces 
the process from above downwards and forwards and is in series 
with the costo-transverse foramina of the cervical vertebrae below. 
If it be regarded as the costo-transverse foramen of the occipital 
vertebra, then the bar of cartilage which closes it in front must 
be looked upon as the costal process of this vertebra. I have 
not been able to find that the costal process of the occipital 
anlage has a separate center of chondrification as it has in the 
spinal vertebrae. Though there is no vessel or nerve passing 
through the paracondyloid foramen yet it is possible that this 
represents an old channel of the vertebral artery, which has 
become obsolete on account of the change of course of this vessel. 
In this regard the foramen may be analogous to the costo- 
transverse foramen of the 7th cervical vertebra, which no longer 
transmits the vertebral artery. 

I regard as the representatives of the laminae the crescentic, 
tapering, hornlike masses of cartilage which form the lateral 
borders of the foramen magnum, and which I have spoken of as 
the neural arches. Since the squamous portions are continuous 
with the outer borders of these they may be considered as 
extensions of the laminae, and the tips of the latter (dorsal 
foraminal prominences) as the representatives of the spinous 
processes. 

Not only on developmental, but also on histological groimds, 
does it appear evident that the margin of the foramen magnum 
is formed from the primitive neural arch of the occipital vertebra. 
Upon an examination of my slides it is seen t^at the cartilagi- 
nous tissue of this portion bears a strong resemblance, to that 
composing the arches of the upper cervical vertebrae, and even 
more striking is the situation of the ossification center. It ap- 
pears, as I have described, in the arch of the occipital vertebra, 
just dorsal to the root of the transverse process — exactly the same 
relative position as the ossification center in a cervical vertebral 
arch occupies. This point is beautifully brought out in the 
model of Hertwig, where, upon either side of the neural canal a 
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series of ossification centers presents itself, the uppermost member 
of the series being found in the exoccipital, in the position m 
which I have described it in my model, and being followed cau- 
dally by the ossification centers for the 1st, 2nd, 3rd and 4th 
cervical vertebrae; each center being uniformly situated with 
reference to its respective arch. In the basi-occipital, too, the 
single median ossification center recalls the center of a typical 
vertebral body, and indeed the osseous elements of the occipi- 
tal bone at birth are strikingly similar to those of a vertebra, 
especially the fifth liunbar vertebra. 

Keeping in mind the intimate and peculiar relation£(hip 
which a typical vertebral arch bears to the cord which it encloses 
it seems reasonable to suppose that this relationship would be 
retained even after the vertebra had been taken up into the 
skull. It seems much more reasonable, even on purely theoreti- 
cal grounds, to assume that the arch of the occipital vertebra 
goes to form the margin of the foramen magnum of the mature 
skull than to postulate that it forms the jugular process, as 
Levi maintains, and when it is realized that the latter is formed 
from the transverse process of the occipital vertebra, and that 
the margin of the foramen magniun is merely the modified arch 
of the occipital vertebra the proper relationship of the parts 
becomes intelligible. 

Not only do the neural arches of the occipital vertebra exhibit 
a striking resemblance to those of the cervical vertebrae in each 
stage which has been studied, but their behavior in growth re- 
calls very strongly that of the arches below. This parallelism in 
manner and time of development between the arch of the occipital 
vertebra and thpse of the cervical vertebrae is clearly shown 
by an examination of the 13 mm., 14 mm., 17 mm., and 28 mm. 
stages of Levi, my own 40 mm. stage, and the 80 mm. stage of 
Hertwig. The neural arches of the occipital vertebra, small at 
first, are seen to grow backwards and outwards, and then to 
come together medially and dorsally, thus hedging in the dorsal 
part of the foramen magnum, this process being duplicated 
coincidently by each of the upper cervical vertebral arches. 
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In each successive stage the tips of the neural arches, both occipi- 
tal and cervical (which retain their original alignment), are seen 
to be farther advanced than in the last in their enclosure of the 
spinal cord, a condition strikingly brought out by a comparison 
of the foramen magnum and the underlying vertebral arches of 
my model with those of the oldest Levi model, on the one hand, 
and the Hertwig model on the other. In the 28 mm. Levi model 
the tips of the neural arches of the occipital and upper cervical 
vertebrae are separated by a considerable interval, in my model 
they are ahnost united, and in the Hertwig model, as has been 
noted, they are all completely joined; in the adult bone the tips 
of the occipital vertebra are represented by the internal and 
external occipital crests (representative of a spinous process). 
This closure of the foramen magnum takes place, accordingly, 
somewhere between the 40 and 80 mm. stages in man, and it bears 
a striking resemblance to that of the segments of the spinal canal. 
Growth seems to progress uniformly throughout the series, and 
dorsal closure is apparently completed at about the same time 
in each segment. Thus, with the fusion of the dorsal foraminal 
prominences there is completed what amounts to the closure 
of the cranial extremity of the spinal canal. • 

From what has been said regarding the formation of the fora- 
men magnum it will be evident that what is found in the 40 mm. ' 
stage is something more than the foramen of the adult condition; 
it is this plus the superior occipital incisure. Further, the 
structure described as the tectum posterius is not the dorsal 
delimitation of the real foramen magniun at all, but merely that 
of the superior occipital incisure. The edges of the latter unite 
in the form of a median seam upon the imion of the dorsal extrem- 
ities of the neural arches of the occipital vertebra, and thus is 
effected the closure of the portion of the floor of the occipital 
region dorsal to the foramen magnum. This conception of the 
development of the foramen magnmn explains why the primitive 
foramen is relatively so much larger than the adult condition. 

In the condition of the occipital anlage at birth we find a 
basilar portion, formed in its cranial part from the body mass 
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of the undifferentiated sclerotomes and in its f oraminal portion 
from the body mass of the occipital vertebra. The exoccipitals 
have been developed, as we have seen, principally from the 
neural arches of the occipital scleromere, but in the region of the 
foramen hypoglossi there has been added material from the lateral 
masses of the imdifferentiated scleromere. The supraoccipitals, 
which ossify separately, are to be regarded as primarily connected 
with the neiuul arch of the occipital vertebra, and their sepa- 
rateness of osfiofication is analogous to the condition which we find 
in the 5th lumbar vertebra. 

Regie oHca 

The otic region, like the occipital, is transversely somewhat 
ringlike in form, and its irregular sides, for the most part flat- 
tened from within outwards, are united by their caudal edges 
with the upper border of the occipital anlage, except where sun- 
dry foramina occasion interruptions. The otic ring, accordingly, 
heightens the dorsal part of the cartilaginous brain-case. In 
it we recognize four distinct elements, two unpaired, the otic 
portion of the lamina basalis and the tectiun synoticiun, and two 
paired, the otic capsule and the lamina parietalis. In addition 
to the parts entering into the composition of the ring there 
are also to be considered in the otic region the small, paired, iso- 
lated nodules known as the cartilagines supracochleares, cranii 
laterales and cranii posteriores. 

When the skull is viewed from w;ithin (figs. 1 and 5) the upper 
or otic portion of the lamina basalis is seen to unite the ventro- 
median portions of the otic capsules. Passing laterally the eye 
meets the large, irregular mass of cartilage known as the otic 
capsule, which forms the ventro-lateral delimitation of the pos- 
terior cranial fossa, as well as part of the floor of the middle 
cranial fossa. Caudo-laterally the capsule is continuous with 
the lamina alaris, and dorsal to this with the wider portion of 
the* squama of the occipital anlage, while cranio-dorsally the 
commissura cap^oparietalis (figs. 3 and 5) is seen imiting the 
larger dorsal portion of the otic capsule with the lamina parie- 
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talis the latter having also a union with the capsule below the 
capsuloparietal fissure. Dorsal to the capsuloparietal commis- 
sure the flattened parietal plate appears, and we note that it is 
wide ventrally, but becomes narrow dorso-medially. With the 
parietal bone it assists in the formation of the wall of the cranium 
in this region. Below, the parietal plate is continuous with the 
upi>er border of the ^uama; dorsally it is represented in the 
model as terminating freely just before reaching the dorsal 
occipital prominence, but there is microscopical evidence, as far 
as my sections go (as I have already stated) which seems to 
indicate that there was here a previous union of parietal plate and 
squama. Of the unpaired, dorso-median tectum synoticum, 
described by several authors, I can, imfortunately, make no 
statement, as my sections for this dorsalm'ost region are lacking. 
The otic ring, as I have represented it in the model, is therefore 
incomplete dorsally. This may possibly be its actual condition, 
and in this connection it may be noted that Mead states that the 
otic ring in Sus is incomplete dorsally. 

The pars otica of the lamina basalis, which is the most cranial 
part of the chordal portion of the base of the skull, has already 
been described. The fissura basicochlearis is incomplete above, 
being represented by the lowermost part of what I have desig- 
nated the spheno-cochlear notch — ^filled with connective tissue 
and a few small veins. The abducens nerve passes above the 
not^h, lateral to and below the outwardly-projecting posterior 
clinoid processes, and in this the condition is similar to that de- 
scribed in such mammals as the rabbit (Voit) and pig (Mead), 
except that the basi-cochlear fissure in the latter types is closed 
above by a cartilaginous bridge joining the upper surface of the 
pars cochlearis with the lamina basalis, the abducens nerve 
passing over this bridge. In the model of Sus by Mead this 
nerve passes throught a foramen formed by cartilaginous con- 
nection of the posterior clinoid process with the cochlea. There 
is no evidence of this in my preparation. 

The connections of the otic capsule with the planum basale, 
squama occipitalis and parietal plate have been noted. The 
model also shows it continuous ventro-laterally with the incus. 
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but histologically a dieet of perichondrium intervenes. There 
is no connection with the processus alaris of the temporal r^on 
through the commissura alicochlearis, such as Jacoby shows 
in the 30 nmi. stage of homo and Voit figures in his model of the 
skull of lepus, but there is what I regard as a rudiment of this, 
viz., the cartilago. supracochlearis, (figs. 1 and 3) which will be 
later described. The otic capsule roofs over the recessus supra- 
alaris and recessus jugularis, and bridges the foramen jugulare 
(fig. 5). 

In the otic capsule (figs. 6 and 7) we may distinguish a larger 
dorsolateral portion, which contains the semicircular canals, 
and which may therefore be known as the pars canalicularis 
(Voit), and a smaller, ventro-median portion, which contains 
the cochlear part of {he membranous labyrinth, and which may 
therefore be termed the pars cochleari& Voit has restricted the 
use of the term 'pars vestibularis' to the dorsal part of the pars 
cochlearis, which presents the fenestrae vestibuU and perilym- 
phatica and the fenestrae for the vestibular division of the eighth 
cranial nerve. It contains the first, or unwound, portion of 
the ductus cochlearis. I shall adopt this usage of the term in this 
description. 

The cartilage of the two portions is directly continuous, the 
zone of imion being marked cranially by a notch, open above, 
which may be known as the superior otic notch (figs. 6 and 7), 
and ventro-laterally by a recess formed by the union of the 
lateral surface of the pars cochlearis with the ventral surface 
of the pars canalicularis; this may be known as the v€rUro4ateral 
otic recess (fig. 6). It contains the anlagen of the auditory 
ossicles. 

The pars canalicularis is an irregular, somewhat flattened, 
ovoid mass of cartilage, hollowed for the passageways of the 
semicircular canals and utriculus. It presents for examination 
three surfaces, ventral, lateral and medial. Of these the lateral 
and medial are convex, and are approximated above and behind, 
their ventral edges being widely separated. The lateral surface 
(fig. 6) is smooth, and somewhat triangular in shape, being wider 
above than below. The cranial border is roimded, and is formed 
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by the out-bulging of the anterior semicircular canal; it is known 
as the prominentia semicircularis anterior. Ventrally this prom- 
inence terminates in the prominentia utriculo-ampullaris supe- 
rior, a conspicuous roimded eminence at the cranio-ventral extrem- 
ity of the pars canalicularis*, marking the upper approximation 
point of its three fi^urfaces. It is formed principally by the wall 
of the ampulla of the anterior semicircular canal (fig. 8). Spring- 
ing upward from the donsal part of the anterior semich*cular 
prominence the capsuloparietal commisisure may be seen, its 
connection with the otic capsule being shown in figures 6 and 7; 
Dorsal to this the border is maiked by the capsuloparietal fissure 
(fig. 3), and caudal to this again by the lower union of the parietal 
plate with the otic capsule; under the latter imion is to be noted 
the capsuiooccipital fissure (fig. 7). The lowermost part Of this 
border is formed by imion with the squama. These borders 
separate the lateral from the medial surface of the capsule. 

Both the capsuloparietal and capsuiooccipital fissures appear 
in other models of the human skidl (Levi, Hertwig), and* they 
have also been shown to be present in the primitive skulls of 
othet mammals, as the ape (Fischer) and rabbit (Voit). The 
capsuloparietal fissure is sometimes known as the foramen jugu- 
lare spuriimoi, and the capsuiooccipital fissure as the foramen 
I>etrosooccipitale. 

The ventral border, which separates the lateral from the 
ventral surface, is, bdlow the superior utriouloampullary prom- 
inence, marked 6ff mainly by the conspicuous crista parotica, 
below this by thie mastoid process, and below this again by the 
prominentia semfcircularis posterior (fig. 6), which passes over 
the root of the mastoid process at this point. ' ' 

The most prominent object upon the lateral surface is the 
lateral otic eminence (fig. 6), which lies in its dorso-cranial area| 
separated from the dorsal part of the anterior semicircular 
prominence by a very shallow groove. It slopes backward into 
the parietal plate between the two post-otic fissures, and is formed 
by the backward and outward projection of the massa angu- 
laris, a large mass of cartilage lying in the enclosure formed 
by the anterior and lateral semicircular canals, the cms com- 
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mune, and the upper part of the posterior canal (fig. 8). The 
two latotd otic eminences mark the extremities of the greatest 
transverse diameter of the primitive skull. 

The dorsal extremity oi the posterior semicircular prominence 
forms a gentle rise in the caudal area of the lateral surface, and 
then passes over the root of the mastoid process, as we have seen, 
to become prominent in its ventralmost porti(m, the prominentia 
utriculoampullaris inferior (figs. 6 and 7), whidi fonns the con- 
spicuous border between the ventral and medial surfaces and 
acts as the upper border of the lateral part oi the jugular 
foramen. 

The prominentia semidrcularis lateralis is am indistinct swell- 
ing passing downward and backward from the crista parotica 
in the region of the incus to the dorsal extremity of the posterior 
semicircular prominence. 

The medial surface (fig. 7) is more extensive than the lateral. 
Its cranial and dorsal borders are the same as those of the lateral 
surface; its ventral border is marked above by a rounded ridge 
passing downwards from the superior utriculoampullary prom- 
inence to the superior otic notdi, and below by the posterior 
semicircular prominence, which, as has been seen, terminates 
ventro-medially in the inferior utriculoampullary prominence, 
the latter bearing a ventrally-projecting process, the processus 
interperilymphatica (Voit). The middle portion of the ventral 
boundary is formed by the transition of* the medial surface of 
the pars canalicularis into that of the vestibular portion 
of the pars cochlearis. As has been mentioned the medial 
surface is convex, and presents in its central area as its most 
prominent object the prominentia cruris communis (Voit), formed 
by the cms commune within (fig. 9). Upon the dorsal part of 
this prominence is seen the long, almost horizontal, slit-like 
foramen endolymphaticum, for the outlet of the ductus endo- 
lymphaticus. Both lips of this foramen are formed of a young 
tjrpe of cartilage and it may be noted that the upper lip projects 
medially in its dorsal part to ovei^iang the duct, and is continued 
dorsally past the foramen to form a groove, in which the duct 
lies (fig. 7). The dorsal extremity of this upper lip appears as a 
short, free process, overlying the duct. 
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Tlie condition of the terminal portion of the ductus endolym- 
phaticus is of interest. This does not end in a sac, but becomes 
a long, narrow fusiform dilation shortly after emerging from the 
foramen, and gradually decreases in site, to be prolonged, at its 
dorsal extremity, into a fine, lumenless filament or cord of cells. 
After leaving the foramen endolymphaticima it passes medial 
to the transverse sinus in the sub-dural space, outward and back- 
ward, and ends in the loose sUb-dural connective tissue just 
medial to the occipitoparietal groove, about 1.8 cm. dorsal to 
the capsuloparietal fissure. It is not intimately associated 
with the cartilage of the ear capsule after its exit therefrom, 
and hence cannot retard the development of this locally to 
bring about a thinnesp of the wall, which is foimd in my prepasa- 
tion just dorsal to the endolymphatic foramen, in the area 
corresponding to that in which the small foramen which Voit 
describes in the developing otic capsule of the rabbit appears. 
This thin region of the wall (which is imperforated) is caused by 
encroachment upon it from within of the cavities surrounding 
the dorsal extremities of the anterior and posterior semicircular 
canals, and not by pressure of the saccus endolymphaticusfrom 
without, as Voit assumes in the skull of lepus. 

The upper part of the medial surface is marked by the crescentic 
inner aspect of the anterior semicircular prominence (fig. 7), 
which is more distinct here than on the lateral surface, and 
sweeps backwards, from the superior utriculoampullary promi- 
nence to the dorsal end of the prominence of the cms commune. 
It corresponds to the arcuate eminence of the adult bone. Below 
this prominence is to be seen a distinct fossa, the fossa sub- 
arcuata anterior (Voit), delimited caudally by the prominence 
of the cms commtme. This fossa invades the substance of the 
massa angularis, and upon examining the slides microscopically 
it is found that it is filled with a mass of loose connective tissue, 
covered by the dura. 

The medial surface below the prominence of the cms commune 
looks downward, backward and inward in its upper portion, and 
almost directly downward in the lower. The latter is thin, com- 
posed of more darkly staining cartilage with thickset cells and 
little ground substance, and forms the roof of the supraalar 
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recesB. In its ventral area may be seen the inferior utriculo- 
ampullary prominence, continuous dorso-laterally with the 
posterior semicircular prominence and ventrally with the short 
interperilymphatic process. A spur of the inferior utriculo- 
ampullary prominence caused by a loOalised thickening of the 
wall, projects backwards and upwards as a low ridge to disappear 
somewhat below the endolymphatic foramen. It overhangs 
the transverse dnus in this region. The fossa subarcuata pos- 
terior, which Voit mentions in his description of the skull of the 
rabbit, is not represented here. 

The boundaries of the ventral surface (fig. 6) have already been 
described in connection with the discussion of the ventral bound- 
aries of the lateral and medial surfaces. Its medial part is con- 
cerned with the junction of the pars canalicularis with the vestib- 
ular portion of the pars cochlearis. The lateral part of the 
ventnd surface forms the dorsal wall of the ventro-lateral otic 
recess^ which has been already referred to, and which contains 
the structures entering into the formation of the middle ear. 

In the cranial area of the ventral surface there appears, pro- 
jecting forward from the ventral surface of the superior utrio- 
uloampullary prominence, a distinct, almost vertical, ridge 
(figsl 5 and 6), which lies inmiediately medial to the body of the 
malleus, but is separated therefrom by a sheet of connective 
tissue. This represents the medial part of the cartikiginous 
tegmen tympani, or processus perioticus superior. The lateral 
portion of the tegmen, such as is shown in Voit's model of the 
skull of lepus, is not present, but its position is indicated by a 
low ridge, which arches downward and outward from the upper 
end of the medial portion of the tegmen and marks off the ven- 
tral from the lateral surface, terminating below in the crista 
parotica (fig. 6). The cartilage is not developing rapidly in this 
location, as in Voit's specimen. Upon examining the model of 
Hertwig it is found that the tegmen tympani has grown forward 
and outward to overlie partially the bodies of the malleus and 
incus, but the lateral portion has evidently made no further 
development, and so it may be concluded that the ossicles in 
man do not occupy a deep cartilaginous recess formed by the teg- 
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men tympani 843 they do in the rabbit. £a the oldest rabbit 
skull examined by Voit the lateral portion of the tegmen had 
become quite a prominent plate, covering the ossicles, and reach- 
ing out toward the lateral wall of the middle cranial fossa. It 
appears evident that the tegmen tympani is rudimentary in man. 

The crista parotica (figs. 2, 3 and 6) forms a conspicuous ob- 
ject upon the border between the ventral and lateral surfaces. 
It is narrower, as well as more prominent, below than above, and 
its edge shows younger cartilage than the adjacent regions. 
The cartilage of the incus, though in the model it appears to be 
attached, is really quite separate from that of the ear capsule, 
there being an intervening sheet of perichondrixmi. 

The lowermost part of the ventral surface lies in a somewhat 
more posterior plane than the upper, and fonns the dorsal wall 
of a small recess, open in front and below, bounded laterally by 
the crista parotica and medially by the interfenestral septum 
of the vestibular portion of the parscochlearis(or promontorixmi). 
In the upper and medial part of this recess appears the lower 
portion of the fenestra vestibuli, while in the lateral portion, 
sheltered by the lower part of the crista, the facial nerve is to 
be found, this region becoming later the lower part of the facial 
CBJial or aqueduct of Fallopius. The proximal end of the cartil- 
age of Reichert may be seen just medial to the lower extremity 
of the crista (fig. 2). 

Just below the crista, and separated from it by a small notch, 
there appears, on the right side, a short, free, anteriorly pro- 
jecting conical spur of cartilage, slightly younger in character 
than that of the adjacent otic capsule, and representing the 
mastoid process of the adult condition (fig. 6). Its substance 
is directly continuous with that of the ear capsille dorsally, but 
medially it is separated therefrom by perichondrixmi. On the 
left side the same formation is to be seen, except that a portion 
of the intervening sheet of perichondrium is, near the point of 
the process, replaced by cartilage. Immediately medial to each 
process is to be seen the origin of the stapedius muscle. 

A brief word as to the course of the facial nerve may here be 
in place. After entering the internal acoustic meatus it traverses 
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the facial foramen in a direction outward and slightly forward 
and enters the ventro-lateral otic recess. Here it becomes 
associated with the geniculate ganglion from which the great 
superficial petrosal nerve may be follow;ed f(»rward. Leaving 
the geniculate ganglion the facial nerve now passes downward 
and slightly outward over the large cartilaginous hai which 
unites the pars cochlearis with the pars canalicularis and which is 
found between the facial foramen above and the vestibular 
fenestra below; thence it i»*oceeds backward over the incudo- 
stapedial articulation. It now is to be found jtist medial to the 
crista parotica, and runs steeply downward, the relatively small 
stapedial muscle lying medial to it here. Pasong lateral to the 
upturned end of the cartilage of Reichert, jtist between the latter 
and the lower tip of the crista parotica, it gives ofiF the chorda 
tjrmpani, and turns suddenly forward, following the line of the 
diaft of Reichert's cartilage, being situated slightly above and 
lateral to it, and almost immediately lateral to the auditory or 
Eustachian tube. The relations of the facial nerve at the proxi- 
mal end of Reichert's cartilage are those shown in Low's C09) 
plate, figure 3. The chorda follows its wellknown course through 
the middle ear anlage. 

It is to be noted that the facial nerve does not go through a 
secondary facial foramen formed by the connection of the tegmen 
tympani ventrally with the cochlea, as is the case in the rabbit 
(Voit), and hence there is no true fovea genicularis in the skull 
of man in this stage, or, indeed, in any stage, judging from the 
evidence at hand. 

The slightly yoimger condition of the cartilage along the ventral 
margin of the crista parotica would seem to indicate that the 
facial canal was closing here, but in the Hertwig model it is still 
ooen at this region. 

The walls of the pars canalicularis are for the most part thin, 
and composed of matins cartilage. The largest mass of carti- 
lage is formed by the massa angularis, mentioned above, the 
ventro-median side of which lies immediately lateral to the fossa 
subarcuata anterior, while the dorso-lateral side projects outward 
as the lateral otic eminence. Within the mass, just below the 
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floor of the anterior subarcuate fossa, there is a small isolated 
cavity, and as this is within the arch of the anterior semicircular 
canal I regard it as a remnant of a portion of the otocyst, which 
is, as yet, midoeed here. The groimd substance of the cartilage 
of this mass is abtmdant and pale staining, the nuclei being 
relatively scattered, and surroimded by capsules not increased 
in size. 

The remainder of the cartilage of the pars canalioularis is 
made up of masses filling the interstices between the canals and 
ampullae. 

The pars cochlearis is the anterior and smaller part of the otic 
cap^le, and lies immediately lateral to the upper end of the 
ba^ plate (figs. 1 and 2). Like the pars canaHcularis it is of 
flattened, ovoid form, and contains the sacculus and ductus 
cochlearis. Upon it we may recognize two principal surfaces,, 
medial and lateral, to which may be added a third or caudal 
surface, made up of the structures in the vei^ibular portion 
surrounding the foramen perilymphaticum. 

The medial and lateral surfaces are separated by a rounded 
border, which runs from the perilymphatic foramen below, 
around the ventral part of the pars cochlearis, over the cranial 
pole, and thence backward to terminate by passing over the 
supraf acial commissure to become continuous with the pars 
canalicularis at the superior otic notch. The lowermost part 
of this border is deflected outward to form the promontory; 
within it is the first and uncoiled part of the cochlear duct, and 
it is known as the prominentia cochlearis inferior (Voit) (figs. 
2, 6 and 7). This prominence passes at first inward, forward 
and upward, then aJmost directly upward to reach the cranial 
pole, and finally passes backward into the prominentia coch- 
learis superior (Voit) (figs. 1, 6 and 7) as the cranialmost border 
of the pars cochlearis, which roofs the coiled part of the cochlea 
(fig. 8), is called. Above the cranial pole the cartilago supra- 
cochlearis appears (fig. 3). 

The lateral surface of the pars cochlearis (fig. 6) is smooth and 
gently convex in its ventral portion, and here presents a shallow 
groove, lying between the promontory and the cranial pole> 



362 CHARLES CUFFORD MACKLIN 

though it fails a iittie short of reacliing either of these extremities 
(fig. 6). It is known as the sulcus caroticus (Voit) and contains 
a portion of the internal carotid artery (fig. 13). The sulcus 
caroticus does not correspond to the line of attachment of the 
lamina spiralis within, but crosses its cranio-ventral convex 
portion. Its lower part forms a low rounded projection into the 
lumen of the uncoiled portion of the cochlear duct, which appears 
in the figure of the cast of the cavity (fig. 8) as a shallow fossa. 

The dorsal part of the lateral surface is made up principally 
by the outer wall of the vestibular portion, and forms the medial 
wall of the ventro-lateral otic recess. Above, the outlet of the 
facial foramen is to be seen, bridged by the suprafacial conmiis- 
sure. Below this opening is a small groove, the sulcus facialis 
(Voit), for the facial nerve, and below this, again, appears the 
elongated, cresoentic, fenestra vestibuli, lying in a general direc- 
tion from above downward and backward, and presenting a 
concavity downward and forward. It contains the anlage of 
the footplate of the stapes, which, however, fills only a small 
portion of the space of the fenestra, the remainder being Occupied 
by the connective tissue representative of the annular ligament 
of the base of the stapes. Below the fenestra vestibuli is the 
cartilai^ous septmn which separates it from the fenestra perilym- 
phatica below. This septum, which acts as a commissure to 
join the promontory of the pars cochlearis with the ventral 
surface of the pars canalicularis, has been referred to by Voit 
as the promontorimn (fig. 6). 

Passing below the lower, downwardly concave, border of 
the promontorium we come upon the small caudal surface of 
the vestibular portion (fig. 2), marked centrally by the large 
fenestra perilymphatica, which will later be separated by the 
processus interperilymphaticus into the larger lateral fenestra 
cochlearis or rotunda (over which is stretched the membranous 
anlage of the membrana tjrmpani secondaria), and the smaller, 
medial foramen for the aquaeductus cochleae, within which may 
by seen the saccus perilymphaticus (Voit). The interperilym- 
phatic process, more prominent on the left side than on the 
right, has been referred to, and appears as a short, conioal 
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projection directed forward from the inferior utriculoampul- 
lary prominence. The cochlear fenestra is apparently closed ofiF 
on the left side of the Hertwig model, and ahnost so on the right. 

The perilymphatic fenestra (fig. 2) is sharply concave, frotn 
before backward, the direction of the concavity being downward. 
Its inner wall is formed by the lower edge of the massa pyramidalU 
of the median wall of the vestibular portion. When regarded 
from below the circimiference of the perilymphatic fenestra 
appears to have been formed by the bifurcation of the inferior 
cochlear prominence at the promontory, the lateral limb forming 
the promontoriimx; the medial the lower border of the massa 
pyramidalis; the two limbs imiting dorsally in the inteivperilym- 
phatic process. 

The boundaries of the medial surface have already been noted 
(fig. 7). It is quite smooth, and is more flattened than the 
lateral. Ventrally the elongated, narrow, crescentic line of union 
with the basal plate may be seen; immediately ventral to and 
parallel with this, the everted, narrow, eictrsrcranial surface, 
formed by the medial aspect of the inferior cochlear prominence, 
makes up the outer wall of the ventral basicochlear groove 
(fig. 2) as a strip 1.5 mm. wide. 

Dorsal to the basal lamina the medial surface is intracranial, 
the strip immediately bordering the lamina being concerned in 
the formation of the outer wall of the dorsal basicochlear groove 
(fig. 5), which is i^harply marked throughout, but more so above 
than below, In the dorso-cranial area of the medial surface 
the large, deep, meatus acusticus intemus appears (fig. 7); 
below, the surface passes into the caudal surface of the pars 
cochlearis and behind into the medial surface of the pars 
canalicularis. 

If we now consider, briefly, the passageway of the ductus coch- 
learis (figs. 8 and 9) we find the first, or uncoiled part, outwardly 
deflected at and for a short distance beyond its entrance from the 
perilymphatic fenestra. The lateral wall is here quite thin, but the 
opposite medial wall presents a pronounced conical thickening, to 
which reference has been made as the Qiassa pyramidalis (fig. 2). 
The apex of the pyramid projects laterally into the first portion 
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of the cochlear duct, and, indeed, it is owing to this circumstance 
that this part of the duct is thrust outward to form the pro- 
montcary on the outer surface. From a point just ventro-cranial 
to the tq) of this pyramid a small commissure, known as the 
cammisfura lannrwpyramiddlis (fig. 8), springs to join the lamina 
spiralis which is immediately ventral, and tfais commissure 
passes over the uncoiled part of the cochlear duct; at the same 
time it divides the crescentic fissure in the floor of the internal 
acoustic meatus into ventral and cranial parts. The caudo- 
ventral surface of the pyramidal mass forms the medial wall of 
the first part of the cochlear duct; the cranio-ventral surface 
constitutes the medial and steepest part of the floor of the internal 
acoustic meatus, while the border between these delimits later- 
ally the slit-like foramen, piercing the ventratmost part of the 
meatus, which transmits the cochlear division of the acoustic 
nerve. Dorsally the base of the pyramid is seen to be pierced 
from above downward and backward by the foramen singulare 
(fig. 9), which leads into the cavity of the ampulla of the poste- 
rior semicircular canal, the region of exit appearing as an indenta- 
tion of the inner wall just medial to the inner edge of the fenestra 
perilymphatica. It appears in the cast of the cavity of the cap- 
sule as a projection (fig. 9). A small portion of the dorsal side 
of the p3nramid is concerned in the formation of the ventral 
wall of the vestibular space; the remainder, together with its 
border joining the cranio-ventral surface, is directly continuous 
with the cartilage of the medial wall of the vestibular part of 
the pars cochlearis. 

The ductus cochlearis, shortly after passing the level of the 
lamino-pyramidal commissure (fig. 8), emerges from the vestib- 
ular part of the pars cochlearis, and enters the ventral, com- 
pletely enclosed pars cochlearis (sensu stricto) which contains its 
coiled part. The only entrances into the closed portion of the 
cochlea are the passageways for the cochlear duct and the coch- 
lear root of the acoustic nerve. The medial wall is here quite 
thin, while the lateral wall presents the coiled lamina spiralis 
(fig. 5). 
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If the suprafacial commissure were removed (fig. 7) it would 
be seen that the superior cochlear prominence is continued down- 
ward and backward as the first and widest part of the spiral 
lamina, which here separates the upper coiled portion of the coch- 
lear duct, in front, from the internal acoustic meatus behind. 
In front of the upper part of the ventro-medial edge of the lamina 
spiralis, at a point marked by the widened cranio-ventral extrem- 
ity of the foramen for the cochlear root, the medial downward 
continuation of the superior, cochlear prominence passes over 
upon the medial surface of the pars cochlearis. When the 
medial wall of the pars cochlearis is r^noved it is seen that the 
lamina spiralis is attached to the lateral wall of the pars coch- 
learis, the line of attachment being in the form of a helix, which 
makes but little more than one turn. If the lower edge of the 
internal acoustic meatus (figs. 5 and 7) be followed forward and 
inward it passes over the upper edge of the foramen for the coch- 
lear root to reach the medial edge of the lamina spiralis; thence 
it may be followed along the edge of the narrowing lamina, 
whose curvature becomes progressively diarper, ending on the 
lateral wall in a downward turn. In tiiis way there is formed a 
commodious recess for the upper coiled part of the cochlear duct 
and its surrounding space. In all the cochlear duct makes about 
two turns (fig. 8). 

The internal acoustic meatus (figs. 5 and 7) presents a rounded 
border, although its edges are somewhat straightened below 
and behind. The dorsal portion of the upper border is sharp, 
and represents the medial edge of the foramen faciale. Passing 
caudally the edge becomes less sharply marked on the dorsal 
side, the cartila^ous surfaces which form it here meeting at a 
right angle. Ventrally we come upon the caudal edge, which is 
very sharp iadeed, and represents the upper edg^ of the base of 
the massa pyramidalis. The dorsal and caudal edges form a 
roimded angle, and about 1 cm. below this point the entrance 
of the foramen singulare appears. Passing upward from the 
ventral end of the lower edge we come upon a crescentic and 
illdefined border which delimits the meatus cranio-ventrally, 
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and passes dorsally into the medial edge of the suprafadal 
commissure. 

The floor of the meatus is composed of three distinct portions; 
the ventral, formed by the first part of the lamina spiralis, the 
dorsal, which is the ventral edge of the wall of the vestibular 
portion in this region, and the medial, formed by the cranio- 
ventral surface of the pyramid, as we have seen. These surfaces 
increase in steepness in the order mentioned, so that the cres- 
centic fissure (fig. 7) formed by their approximated deep edges, 
is deeper caudo-ventrally than cranio-dorsally. Looked at from 
within the ventral and dorsal are the only surfaces visible, the 
ventral presenting much the greater area. The borders of the 
latter where they join with the margins of the meatus present 
the enlarged extremities of the crescentic fissure, the upper of 
which serves for the passage of the facial nerve, the lower and 
anterior for the upper part of the cochlear division of the acoustic 
nerve. 

Five foramina appear in the internal acoustic meatus, and of 
these the foramen singulare has been considered. It transmits 
the posterior ampuUary nerve to the inferior cribriform macula. 
The other f om* are parts of the crescentic fissure. This latter is 
divided into almost equal limbs by the lamino-pyramidal com- 
missure, which has been noted overlying the first part of the coch- 
lea, and joining the dorsal surface of the first part of the spiral 
lamina with the pyramid. The ventral limb is long and slit-Uke, 
widest in its ventro-cranial end, and transmits the fibres of the 
cochlear root of the acoustic nerve. It will later become the 
spiral foraminous tract. The cranial limb is separated by two 
cartilaginous septa into three foramina, the upper, which we 
have seen, being large, and tiansmitting the 7th cranial nerve, 
and being known as the facial foramen, the lower two being of 
about the same size, and transmitting the superior and inferior 
branches of the vestibular root of the acoustic nerve (figs. 5 
and 7). 

I have also reconstructed a model of the cavity of the otic 
capsule, and from the illustrations of this a conception of the 
general plan of the cavity may be gained (figs. 8 and 9). This 
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cast includes not only the membranous labyrinth but the space 
surrounding it, together with the entrances of the various foram- 
ina. In the illustration the laminopyramidal commissure ap- 
pears as a foramen behind the coiled portion of the cochlear 
tract. In general form the cast resembles the later osseous 
labyrinth. 

The cartilago supracochlearis (figs. 1, 3, 13) may now be 
considered. This is a ranall, roimded mass of cartilage, situated 
upon the cranial pole of the pars cochlearis, and, in the model, 
is about 8 mm. wide, and ahnost as long dorso-ventrally. It 
is quite free from cartilaginous imion with the underlying cochlea, 
but the two are more closely approximated posteriorly than 
anteriorly, where the intervening connective tissue is thicker. 
The cartilage is immediately beneath the anterior part of the semi- 
limar ganglion (fig. 13), and the material of which it is formed is 
mature cartilage of apparently the same age as that in the ad- 
joining pars cochlearis. 

It is difficult to say what may be the significance of this carti- 
lage. Certainly it cannot be any one of the Restknorpehi which 
Voit describes in his Stage II (43 mm.) of the rabbit, since only 
one of these, Restknorpel b, corresponds at all in position with 
this cartilage, but it is distinctly above the semilunar ganglion 
while the ^pracochlear cartilage is below it. I am inclined to 
regard it as a rudiment of the commissiu*a (or trabecula) ali- 
cochlearis, which Jacoby describes in his 30 mm. human embryo 
as a cartilaginous bridge extending between the anterior part 
of the pars cochlearis of the otic capsule and the ala temporalis. 
There is no evidence in my model of such a commissure, though 
the surfaces of the processus alaris of the temporal wing and the 
ventral surface of the pars cochlearis are very close together, 
and in the later stage modelled by Hertwig (80 mm.) there is no 
evidence of either commissure or rudimentary cartilage in thi^ 
location, indicating that the cartilage in my embryo is probably 
imdergoing retrogression. Voit describes and figures such a 
commissure in the skull of the rabbit, which encloses the carotid 
foramen laterally. He states it is a durect forward continuation 
of the planum supracochleare of the pars cochlearis. 
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The parietal plate (fig. 3) is a thin, semi-crescentic plate of 
cartilage, situated above and behind the pars canalicularis of 
the otic capsule, and bearing upon its median surface a concave 
impression for the brain (fig. 5). The ventral extremity is wide, 
and is surmounted by an irregularly f onned and rudimentary 
portion, the upper border of which is overlaid laterally by the 
caudal edge of the parietal bone. Above this part, and lying 
in the membrane within the parietal bone is to be seen, on the 
right side, an elongated nodule df cartilage, which may be known 
as the cartUago cranii UUerdlis (fig. 3) — ^probably a remnant of 
the side wall in this region. On the left side there is a somewhat 
smaller nodule. That this portion is und^^oing retrogression 
is evident from a comprison with the models of Levi, on the one 
hand, and with tl^ model of Hertwig on the other, when it is 
seen that the 14 mm. stage of Levi marks, perhaps, the stage of 
greatest development of the parietal plate, there being, after this, 
a progressive reduction, moderate in the 28 mm. stage of Levi 
and in my model, and pronounced in that of Hertwig. 
* With the otic capsule the parietal platle is connected at two 
points — ^in front through the capsuloparietid commissure, and 
below this through the bridge of cartilage between the capsulo- 
parietal and capsulooccipital fissures. The ventral edge is 
indented and presents no evidence of the s|[>l^eno-parietal com- 
missure, such as exists in certain of the lower mammals, as tiie 
rabbit and pig, and which represents, according to Gaupp (iOO) 
the taenia marginalis of reptiles. The upper border is concave 
upward, and in its ventral portion there may be seen a small 
incisure, open behind, formed by an overhanging, bacKwardly 
projecting spicule from the uppermost part of the plate. This 
incisure appears to be the representative of what Mead calls 
the fissura laminae parietalis in the skull of Sus, where it is quite 
conspicuous. The upper border is continuous above with the 
membrane covering the brain. 

The lower border is continuous ventrally with the otic capsule 
at the upper edge of the capsulooccipital fissure. Behind this 
it follows the elongated occipitoparietal groove (figs. 1 and 5) 
which runs backward to the dorsal occipital prominence, and 
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marks the zone of union with the squama. Several small blood- 
vessels are foimd in the ventral portion of the occipitoparietal 
groove, but in its dorsal part there is but a single small vessel. 
Just above the groove, and running parallel with it, is a low 
rounded ridge. The dorsal, scimitar-like extremity of the 
parietal plate is shown projecting freely dorso-medially. The 
outer surface is convex and is but indistinctly marked off from 
the underlying squama. 

In the membrane forming the posterior and superior part of 
the cranium, considerably above the tectum posterius, are to be 
seen two small cartilages lying side by side, the cartilagines 
cranii posteriores. The cartilage on the right side, though small, 
is relatively very large when compared with its partner of the 
left, which is insignificant. 

These cartilages appear to represent the unpaired mass de- 
scribed by Bolk as lying above the tectum synoticum, which 
subsequently disappears. Possibly in my embryo they are imder- 
going reduction. Mead describes a somewhat similar small free 
nodule in Sus, but this is single and, although in the midline, 
it lies immediately above the tectum. He calls it the processus 
ascendens of the tectum posterius, and thinks it may possibly be 
the homologue of the processus ascendens of the tectum posterius 
of reptiles. 
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Regio orbitotemporalis 

The orbitotemporal region, in the present stage, is composed 
of the cartilage of the sphenoidal anlage and unites the otic 
region, behind, with the ethmoidal region in front. In it we 
recognize an unpaired, median portion, made up of that part 
of the central stem of the chondrocraniimi which contains the 
bend; this represents principally the cartilaginous body of the 
sphenoid, and is directly continuous dorsally with the otic portion 
of the planum basale and ventrally with the nasal septum of 
the ethmoidal region. In addition there are two paired, lateral 
parts, the forerunners of the greater and lesser wings. The 
internal pterygoid plate, which is laid down in membrane bone, 
will be considered in the section devoted to the discussion of the 
purely osseous elements. 

If we examine, successively, the parts of the median p)ortion, 
beginning dorsally, we note first a prominent transverse ridge, 
the crista transversa (fig. 5), which marks the boundary between 
the orbitotemporal and otic portions of the median stem. Di- 
rectly continuous with this ridge, and springmg upward from it, 
is the prominent doisum sellae (figs. 1 and 3), here showing no 
median perforation, as it does in the rabbit (Voit), and it is 
owing to this circumstance that the upper edge of the crista is, 
in homo, entirely obliterated. 

The dorsum sellae forms the conspicuous posterior wall of the 
hypophyseal fossa. Its upper and lateral corners are thickened 

^ Part I of this paper was published in the July number of the Journal, vol. 
16, no. 3. 
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and project upward, outward and forward in a horn-like manner, 
so that their ventral extremities overlie, to some extent, the 
hypophyseal fossa. These are the posterior clinoid processes. 
Their upper extremities rise higher than the cranial edge of the 
dorsum sellae between them, and hence the latter is concave 
cranially, as well as ventrally. The dorsal surface of the dorsum 
sellae is gently concave from side to side, and from above down- 
ward, passing uniformly over upon the surface of the otic por- 
tion of the planimi basale below. 

Histologically there is here, at this stage, no evidence of the 
primary separation of the chondrous anlagen of the dorsum 
sellae, such as Fawcett describes in earUer stages (19 and 21 mm.), 
except a slightly younger condition of the cartilage at the ventral 
side of the junction of the dorsimi sellae and crista transversa. 

In front of the dorsum sellae we come upon the wide, flattened 
floor of the hypophyseal fossa (fig. 1), or sella turcica, which 
opens laterally into the side-parts of the middle cranial fossa, 
and is thus more correctly a short wide groove than a fossa. 
Ventrally the wall rises abruptly, — ^almost vertically, — to reach 
a transverse ridge, — the anlage of the tuberculiun sellae. The 
lateral edge of the ventral wall presents, on the right side, but 
not on the left, a small, conical backwardly projecting middle 
clinoid process. The tuberculiun sellae of my model is much 
more prominent than it is in that of Hertwig. It is interesting 
to note in passing that Levi is of the opinion that in the develop- 
ment of the human skull the sella turcica is the only part to 
retain its primitive position, the other parts moving cranially, 
and he finds in the 28 mm. stage, among other evidences of 
this, the appearance of the tuberculum sellae as the anterior 
wall of the sella turcica. There is no evidence of the tuberculimi 
sellae in the 17 mm. stage, while in the 28 mm. stage the sella 
has a vertical ventral wall, as in my model. 

The part of the central stem of the chondrocranium compos- 
ing the floor and ventral wall of the sella turcica has been termed 
the Balkenplatte or lamina trabeculi. It is wide, and, when 
compared with the parts in front and behind it, quite thin. It 
shows no evidence of perforation. From the ventral half of each 
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lateral edge of the floor there is seen to project, in a direction 
downward and outward, the short, rod-like processus alaris. 

When the model is regarded from the side (fig. 3), the floor of 
the sella turcica, which is slightly concave cranially, appears as 
the upper expanded end of the planum basale, the ventral wall 
of the sella appearing as a continuation upward of the ventral 
surface of the planum; indeed if the ventral border of the latter 
(which we have noted is almost straight) is projected upward it 
will pass just ventral to, and parallel with, the ventral wall afore- 
mentioned. From the same position, too, the ventral wall of 
the sella appears as the dorsal expanded end of the cranio-ventral 
or horizontal limb of the central stem of the chondrocranium, 
and the appearance is as if the caudo-dorsal edge of this had 
been applied to the cranio-ventral edge of the vertical limb, 
making an angle of 115°, open caudo-ventrally, the flattened 
extremities forming the ventral wall and floor of the sella turcica 
respectively. Ventrally (fig. 2) this angle is seen to be quite 
sharply marked, and to lie on the line between the ventral edges 
of the roots of the processus alares, or, just below the level of 
the ventral wall of the sella. Ventral to this angle the cartilage 
of the central stem gradually becomes narrower from side to side, 
and expanded caudo-cranially, passing ventrally into the nasal 
septum (fig, 10). 

If we now turn our attention again to the upper siirface of the 
median stem, we pass forward from the sella turcica, over the 
rounded, transverse, tuberculum selTae, and come upon the flat- 
tened lamina hypochiasmatica (fig. 1) (sulcus chiasmaticus of 
Levi), triangular in shape, with the apex placed ventrally in the 
midline, and the base formed by the upper edge of the ventral 
wall of the sella turcica. This surface underlies the optic chiasma, 
and is horizontal, thus making almost a right angle with the ven- 
tral wall of the sella. Ventrally the apex rises upon the dorsal 
edge of the interorbital septum, forming therewith an angle of 
120°. Immediately lateral to this junction is a small, slit-like 
foramen, which may be known as the foramen praechiasmaticum 
(figs. 1, 10 and 14); it has been shown in the models of the skulls 
of several mammals, as the ape (Fischer) and the rabbit (Voit), 
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as well as man (Hertwig). It contains nothing but loose con- 
nective tissue. It does not appear in Jacoby's figure, but the 
optic foramen extends all the way to the interorbital septum, 
and one may assume from tliis that the small isthmus of carti- 
lage, which cuts off this small aperture from the optic foramen, 
and which may be known as the cammiasura praechiasmaiica 
(figs. 1, 10, 14), has been developed between the 30 and 40 mm. 
stages. In my sections this conmiissure shows a rather younger 
condition of cartilage than that found in the surrounding chon- 
drocraniiun. The foramen praechiasmaticiun evidently dis- 
appears later, as it is not to be found in the osseous condition. 
At the dorsal extremity of the optic foramen the lamina hypo- 
chiasmatica is seen to pass over upon the dorsal root of the 
ala orbitalis. 

A featiure which I have not noticed in the description of human 
primitive skulls, but which is described by Voit in the akuU of 
lepus, as the ala hypochiasmatica, is a small but strong crescentic 
ridge which projects antero-laterally from the surface of the lam- 
ina hypochiasmatica just ventral to the origin of the dorsal root 
of the ala orbitalis, and which is continuous dorsally with this 
root. It appears in figure 10 and may be seen from above as 
a projection into the optic foramen (fig. 1). It presents a convex 
ventral edge, and is separated from the surface of the interorbital 
septum, lying within, by a distinct furrow containing only 
connective tissue. In the Voit model of the skull of rabbit 
this shows beginning ossification, but such is not the case in my 
model, in which the ala presents a somewhat younger type of 
cartilage, especially in the ventral edge, when compared with 
that of the adjacent cartilage. 

Ventrally, as we have seen, the lamina hypochiasmatica is 
continuous, medially, with the dorsal border of the interorbital 
septum. From the sides of this septum the ventral roots of the 
alae orbitales are seen to spring (fig. 1), and. its cranialmost 
edge, delimiting the orbitonasal fissure medially, passes over 
directly upon the nasal septum. 

The interorbital septum (figs. 10, 11, 14 and 15) is narrow 
cranially, being delimited dorsally by the roots of the alae orbi- 
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tales and ventrally by the dorsal extremities of the side-walls of 
the ethmoidal region (fig. 11). It is thicker below than above, 
its lower surface being keel-like, and passing horizontally forward 
upon the lower edge of the nasal septmn; the upper part becom- 
ing increasingly thinner as we follow it ventrally, to coalesce 
with the upper portion of the same structure. It represents a 
transition from the flattened Balkenplatte to the thin nasal 
septum, in which the median stem appears to undergo a torsion 
of 90°, and forms the median delimitation of the narrow inner 
recess of the orbit. 

The interorbital septiun of man is homologous with the struc- 
ture bearing the same name found in the Saurians, but, as is the 
case in the other mammals, it is rudimentary when compared 
with these lower forms. A theory which seekis to account for 
the shortness of this septum when compared with the condition 
in the lower forms is that, in the mammals, the nasal side-wall 
has gradually grown backwards, to encroach more and more 
upon the territory of the interorbital septum, to the advantage 
of the nasal septum (Mead). 

If we start at the floor of the sella turcica (fig. 1), and pro- 
ceed upward and forward we come upon three successive steps, 
at about equal intervals apart, formed, as we have seen, by the 
lamina hypochiasmatica, the uppermost edge of the interorbital 
septum, and finally, in the most cranial, which reaches the high- 
est point of the chondrocranium, by the crista galli of the mes- 
ethmoid (fig. 11). 

The orbital wings (figs. 1 and 10) are the cranio-ventral and 
the larger of the paired lateral extensions of the sphenoidal 
anlage. Each wing has the form of an imperfectly defined, 
triangular plate, with the irregular base parallel with the median 
plane, and the apex lateral and turned dorsally. The plate is 
gently concave downward, forming the roof of the orbit; above 
it takes part in the formation of the floor of the anterior cranial 
fossa. Of the unions, two are with the central stem of the 
chondrocranium, the dorsal and ventral roots, and one which 
is elongated and broken by several foramina is with the side- 
wall of the ethmoidal region. The two wings lie almost hori- 
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jEontally, and thus differ from the earlier conditions, where they 
are considerably higher laterally than medially (Jacoby). 

The dorsal root is the smaller, and is directed outward and 
slightly upward. Thick and rounded in section, its cartilage 
is directly continuous with that of the lamina hypochiaamatica, 
from the side of which it has been seen to project. A short dis- 
tance from its origin it widens out, and at the same time rises 
cranially to form a plate, flattened from above downward, out- 
ward and slightly forward, the dorsal edge of which presents, 
near the median line, a backward projection, the anterior clinoid 
process (fig. 3). Between this process and the edge of the 
Balkenplatte, rendered more sharply defined on the right sde 
by the middle clinoid process, there is to be seen a distinct notch, 
which lies dorsal to the root, opposite the most posterior extremity 
of the optic foramen, and conveys the internal carotid artery. 
The dorsal border of the wing, after leaving the anterior clinoid 
process, passes upward, forward and outward, making a dorso- 
lateral convexity, and finally turns abruptly backward upon 
the dorso-lateral process. The ventral border of the root forms 
the dorsal and part of the lateral border of the foramen opticum, 
while its lower siirface, together with that of the wing lateral to 
it, forms the cranial delimitation of the superior orbital fissure. 

The ventral root is wide and flat, and is directed outward 
and slightly backward. It is considerably the longer, as well 
as the broader, and is directly attached to the dorsal border of 
the interorbital septiun along the line indicated in figure 11. 
In addition it is connected, through the praechiasmatic com- 
missure, with the ventro-lateral edge of the hypochiasmatic 
lamina (fig. 1). The ventral root occupies a somewhat higher 
level than the dorsal. The dorsal border curves outward and 
backward, to assist in the delimitation of the foramen opticum; 
the ventral border passes almost directly outward, and forms 
the dorsal border of the orbitonasal fissure. Through the por- 
tion of the wing lying lateral to the optic foramen it is continuous 
with the dorsal root; and in this way is formed the shelving side 
of a recess, the floor of which is made up of the hypochiasmatic 
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lamina, in which is found, among other structures, the optic 
chiasma. 

The optic foramen is pear-shaped in outline, with the narrow 
end ventro-medial. The lateral border is somewhat higher than 
the medial, and is downwardly and inwardly concave. The 
optic nerve and ophthalmic artery may be seen to pass through it, 
the former overlying the latter. 

The ventralmost portion of the orbital wing has been known 
by the name of cartilago sphenoethmoidalis. This is a triangu- 
lar plate of cartilage, somewhat thinner than that composing 
the remainder of the wing, and showing ventrally a connection 
with the superior prominence of the lateral nasal cartilage 
through the sphenoethmoidal commissure (fig. 1), and dorsal to 
this connections at several points with the lateral nasal cartilage 
as far back as the orbitonasal fissure, the bonds of attachment 
being broken by intervening foramina. Thus there is formed 
here a secondary, lateral cribriform plate, similar to that shown 
in the model of Hertwig, which leads from the anterior cranial 
fossa, not into the nasal capsule, but into the orbit. The dorsal 
margin is irregular and forms the outer half of the ventral margin 
of the orbitonasal fissure, the medial half being formed by the 
dorsal surface of the ectethmord. 

The ventral border of the orbitonasal fissure is somewhat 
lower than the dorsal. The fissure is elongated, its long dimen- 
sion being directed laterally, and in this it differs from the con- 
dition shown in the skull of lepus (Voit), where it is directed 
ventro-laterally. In the latter animal, too, there are no con-^ 
nections with the ectethmoid dorsal to the sphenoethmoidal 
commissure. As in the skull of lepus (Voit) so in man, the 
fissure is principally filled with connective tissue, but in its 
ventral region it transmits the anterior ethmoidal nerve and 
vessels from the orbit to the anterior cranial fossa. It is thus> 
in this region, representative of the anterior ethmoidal foramen 
of the adult skull. 

The lateral border of the ala orbitaUs is serrated, and passes 
directly backward and outward to t^minate in the hornlike, 
dorso-lateral process (fig. 1). It overUes, except at its tip, the 
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median edge of the orbital plate of the frontal bone (fig. 2). 
The dorso-lateral process marks the lateral extremity of the ala, 
and also represents the ventral rudiment of the primitive taenia 
marginalis of this region, which in the lower forms stretches 
over the foramen sphenoparietale to make a connection with 
the parietal plate, as has been already noted. 

The ala temporalis (fig. 10) is the smaller of the paired lateral 
appendages of the median portion of the sphenoidal anlage. 
It lies lateral to the Balkenplatte, and, for the most part, in front 
of and below the level of the floor of the sella turcica (fig. 3). 
As H. Fuchs remarks one must distinguish in the temporal wing 
of mammals two portions; a medial, sloping steeply downward 
and outward, and a lateral, ascending part. The medial por- 
tion, or processus alaris, is a short, straight, rodlike mass of 
cartilage, directly continuous with the outer edge of the Balken- 
platte, from which, as we have seen, it projects downward, 
outward and slightly backward. Its dorsal surface comes into 
close contact with the cranio-ventral pole of the pars cochlearis, 
but is not connected therewith by a cartilaginous bridge (com- 
missura alicochlearis), as is the case in the Jacoby model, and 
in the models of several of the lower mammals. What I regard 
as a remnant of this bridge is, however, to be found in the supra- 
cochlear cartilage, which has already been described. Levi 
was unable to find any trace of this commissure in his specimens. 

It may be noted in passing that Jacoby states that this bridge 
extends from the lateral edge of the sella turcica to the anterior 
edge of the ear capsule, but he has evidently included in the 
median portion of this the structure which other authors refer 
to as the processus alaris. Jacoby states that the ala temporalis 
springs outward from this bridge; perhaps a better way of stating 
it would be to say that the ala temporalis, through the pro- 
cessus alaris, springs from the edge of the floor of the hjrpophy- 
seal fossa, and that the bridge, or commissura alicochlearis, 
connects the ala with the anterior surface of the pars cochlearis 
of the otic capsule. By the disappearance of the commissura 
alicochlearis the carotid foramen is left open laterally. It is 
quite small, being delimited ventrally by a small notch between 
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the root of the alar process and the Balkenplatte, and dorsally 
by the ventral basicochlear groove, which passes backward into 
the sphenocochlear notch. 

The ventral surface of the alar process is almost completely 
taken up with the attachment of the lateral portion of the wing. 
The rounded outer extremity projects freely into the surround- 
ing mesenchyme (fig. 1). 

The larger lateral portion of the temporal wing lies immediately 
below the dorsal portion of the orbital wing, from which it is 
separated by the superior orbital fissure, now open laterally 
(fig. 4). It is rhomboidal in shape, the long axis being directed 
upward, outward and slightly forward, towards the lateral 
extremity of the ala orbitalis. The central portion of its mass is 
perforated, from before backward, by the large foramen rotundum, 
which transmits the second branch of the trigeminal nerve. The 
nerve, however, by no means fills the foramen, the greater por- 
tion of the space within it being occupied by connective tissue. 
The foramen rotundimi is found in Levi's 28 nmi. stage, but not 
in Jacoby's 30 mm. stage, the second branch of the fifth nerve 
here occupying a groove upon the upper surface of the wing. It 
is well shown in the illustrations of Fischer's ('03) ape skulls. 

Immediately below the foramen rotundimi the dorsal surface. 
is concerned in the union with the ventral surface of the alar 
process, the long axes of the medial and lateral portions crossing 
at a right angle, open above. When regarded from above the 
effect is as if the caudo-medial comer of the lateral portion had 
been applied to the ventral surface of the medial portion in such 
a way as to leave the lower extremities of both free. The fora- 
men ovale is not as yet formed. 

Histologically there is to be seen at the junction of the alar 
process and lateral portion a sheet of younger cartilage and 
procartilage cells, which almost completely separates the two 
portions. This is evidently the last trace of the primitive 
separation of these parts, of which Levi, Fawcett and other 
authors speak. In the 14 mm. stage Levi finds the temporal 
wing represented by two procartilaginous anlagen, separated by 
a sheet of connective tissue. 
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The portion of the wing above the foramen rotundiun is Igaown 
as the lamina ascendens, and ends laterally in a somewhat sharp 
angle, which projects freely outward and forward. The upper- 
most angle, rather more blunt, is to be seen almost immediately 
under the lateral edge of the optic foramen. The dorsal surface 
of the lamina ascendens is convex, and terminates dorsally in a 
ridge, bordering the foramen rotundum laterally. 

The lowest portion of the wing is marked by a blunt angle, 
lying below and a little medial to the foramen rotimdum, and 
representing the processus pterygoideus. The innermost ex- 
tremity of the wing presents a more sharply marked angle, 
which projects freely inward, where it comes into close contact 
with the parasphenoid bone, or internal pterygoid plate, the 
upper extremity of which lies inmiediately ventro-medial to it. 
Medially and caudally this angle is separated from the alar 
process by a well-marked groove, — the deepest part of the cir- 
cular groove which surroimds the union of the alar process and 
the lateral portion. 

The outer margin of the lateral portion projects farther for- 
ward than the medial (fig. 14) so that its ventral face looks 
inward as well as fprward. There is no trace of a lamina ptery- 
goidea, perforated by the internal maxillary artery, such asVoit 
describes in the skull of the rabbit. 

Histologically, modification of the cartilage cells in the upper 
lateral portion of the wing indicates beginning endochondral 
ossification; Mall found the first trace of the alisphenoid bone 
in an embryo of 58 days. Medial to the foramen rotundum the 
cartilage is thinner and of younger character than that else- 
where in the lateral portion, indicating that this was the part 
which was, perhaps, latest to form. 

Gaupp has pointed out that the brain-case of the mammals 
has, in the orbitotemporal region, been enlarged by the inclu- 
sion of a space which, in the lizards, lies below the primitive 
side-wall of this region, and to which he has given the name 
'cavum epiptericum.' This space is the ventral continuation 
of the cavity which has been described by Voit in lepus as the 
cavum supracochleare. Voit has found in an early rabbit embryo 
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evidences of the medial attachment of the primitive side-wall 
of the orbitot.emporal region in the form of three rudimentary 
cartilages/ and membrane connecting them, and stretching out 
from them. From behind forward he finds, first, Restknorpel a, 
surmounting the commissura suprafacialis (continuous with 
this on one side but not on the other), next Restknorpel b, over- 
lying the semilunar gangUon, and connected by a sheet of con- 
nective tissue, which overlies the abducens nerve, with the pillar 
of the dorsum sellae. Restknorpel b is quite -free. A third 
rudimentary cartilage, Restknorpel c, appears only on the left 
side of Voit's youngest rabbit skull, and this fact appears to 
point to its transient nature. It presents itself at about the site 
apparently of the middle clinoid process, and is attached directly 
to the side of the Balkenplatte. Between Restknorpeln b and c 
the boundary between the primitive cranial cavity and the cavirni 
epiptericimi is not clearly marked. Prom these three Rest- 
knorpeln, and from the cartilage intervening, anchorage is 
afforded for a stout sheet of connective tissue which stretches 
outward and upward to find its cranial attachment in the lower 
edge of the taenia marginalis, or, as Voit calls it in this region, 
the commissmra orbitoparietalis. Underlying this membrane, 
which Voit thinks is, to some extent, the precursor of the diura 
mater of this region, are several important structures which are 
primarily outside of the primitive brain case, as in the lizards, 
but are later taken into the brain case of the mammals; among 
these have already been mentioned the semilunar ganglion and 
part of its nerve trunks, part of the facial nerve, the geniculate 
ganglion and part of the great superficial petrosal nerve. In 
addition might be mentioned the nerves to the eye muscles, and 
the internal carotid artery — indeed all the structiures in the 
cavernous sinus. The carotid artery is shown in the youngest 
stage of Voit winding around the caudo-ventral surface of Rest- 
knorpel c to enter the primitive cranium, this point marking its 
original inlet. 

From the researches of Voit it would appear that the new 
floor and side-wall of the cavum epiptericum and the cavum 
supracochleare are formed by the upper part of the ala temporalis. 
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the tegmen tympani and its forward extension, and the com- 
missura alicochlearis, together with the osseous elements formed 
by the parietal, and squamous portion of the temp)oi^, bones. 
These completely shut off this space, except for the foramina. 

In my embryo there do not appear to be any of the nodules 
corresponding to the three Restknorpeln of Voit. The space 
corresponding to the above cavities is filled with loose connective 
tissue containing vessels and nerves. The dura has not condensed, 
is loose, and spreads outward and upward from the level of 
the upper part of the pituitary body. Thus the primitive 
cranial floor and side-wall of this region is not represented in 
my model. There is, however, what may be a rudiment of 
the cartilagiHous secondary cranial floor — the floor of the cavum 
epiptericum, viz., the small nodule which I have called the carti- 
lago supracochleare. Voit considers the alicochlearis a part of 
this floor, which dorsally is directly continuous with the planum 
supracochleare; this being so. it follows that, if the cartilage 
supracochleare be regarded as a rudiment of the commissura 
alicochlearis it is then a rudiment of the cartilaginous floor 
of the cavum epiptericum, or, more accurately, the cavum 
supracochleare. 

Regio dhmaidalis 

The ethmoidal region is the most ventral of the primary 
divisions of the chondrocranium. With the orbitotemporal 
region it is directly continuous at three points, as we have seen; 
medially the septum nasi passes directly backward into the sep- 
tiun interorbitale, and laterally the upper portion of the lateral 
wall of the ectethmoid is united, on each side, with the spheno- 
ethmoidal cartilage through the sphenoethmoidal conunissure 
and the line of bridges of cartilage dorsal to the latter. 

Architectiu'ally considered the principal elements entering 
into the construction of the ethmoidal region are those going to 
form the nasal capsule, but this region also includes certain 
accessory cartilages, of which there are, in relation to the septum 
the anterior and superior paraseptals; in relation to the lateral 
wall (intracapsular) the cartilago meatus medii, and (extracap- 
sular) the paraethmoidal and paranasal cartilages. 
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The nasal capsule resembles, roughly, a tent, partitioned into 
equal, paired, lateral rooms or cavities by the septum, or meseth- 
moid, which lies in the median sagittal plane of the skull. The 
highest point, or peak, is marked by the crista galli. The roof 
and sides are formed by the tectum nasi and paries nasi respec- * 
tively, the posterior or subcerebral portion of the former being 
broken by the long, paired, irregularly-contoiu^ fenestrae 
eribrosae (fig. 1), destined to become the cribriform plate. This 
portion of the superior surface of the capsule takes part in the 
formation of the median part of the anterior cranial fossa, and 
represents the anlage of the upper surface of the ethmoid bone. 

The incomplete floor (fig. 2), or solum nasi, is formed laterally 
by the inwardly-turned lower edges of the side-walls, and medially 
by the lower border of the septimi and the anterior paraseptal 
cartilages. Between the side-wall and the septum is the gaping 
and elongated basal fissure, which extends ventrally into the 
incisura narina and dorsally into the cupvloseptal fissure^ the 
latter being a very narrow space between the dorsalmost extremi- 
ties of the nasal septum and the nasal wall, ahnost completely 
filled by perichondriimi. The floor is almost entirely covered 
in by membrane bones — the ntiaxilla, the palatine and the vomer — 
these closing off the inferior nasal meatus below, and marking the 
upper delimitation of the oral region. The three elements, 
tectum, paries and solum nasi, combine to form the shell-like 
structure known as the ectethmoid. Laterally the dorsal por- 
tion of this is in relation to the orbit. 

The nasal septum or mesethmoid (fig. 11) is a vertical and 
roughly pentagonal plate of cartilage, constituting the ventral 
end of the central stem of the chondrocranium. The dorsal 
border is marked above by the interrupted line of attachment 
of the dorsal surface of the tectum nasi, which separates the sur- 
face of the nasal from that of the interorbital septum; below this 
these surfaces have no definite delinodtations. The cranio-dorsal 
border, after passing over from that of the interorbital septum, 
runs horizontally forward for a short distance, and then mounts 
rapidly and evenly to reach the highest point of the chondro- 
craniimi in the conspicuous crista galli. The latter marks the 
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widest part of the septum. The outer edges of this border, except 
in the upper portion of the crista gaili, show short lateral emi- 
nences, which project into the fenestra cribrosa. These projec- 
tions will later coalesce with others from the upper edge of the 
side-wall, and thus form the dorsal portion of the cribriform 
plate. In front the crista galli passes over upon the cranio- 
ventral border, which is straight, and sharply inclined downward, 
while laterally it is directly continuous throughout with the ven- 
tral portion of the tectum nasi. By reason of the fact that the 
tectum rises somewhat, as it springs from the septum, the upper 
border of the latter lies here at the bottom of a shallow furrow, 
the sulcus supraseptalis (fig. 1), which reaches from the crista 
to the ventral tip of the capsule. 

The ventral border of the septum is straight and free, and 
marks the anterior extremity of the mesethmoid, forming the 
medial limit of the incisura narina, the representative of the 
fenestra narina of some of the lower forms. At its lower end 
it meets the caudal border at an angle of 113^. The caudal 
border is almost straight, horizontal, and thickened throughout, 
but much more so dorsally than ventrally, so that it resembles a 
cone, this similarity being rendered more striking by the fact 
that the transition to the thin part of the septum above is quite 
abrupt, thus resulting in the formation, on each side, of a shallow 
fiurrow (figs. 14 to 18). Near the ventral extremity the caudal 
border shows on the right side, but not on the left, a lateral con- 
nection with the cartilages of Jacobson (fig. 11), and, in front 
of this, bilateral unions with the ventro-lateral processes (Faw- 
cett '11), the latter appearing immediately behind the front end. 
Projecting backward from the posterior of these attachments, 
lying parallel with and below the caudal border, in a position 
corresponding to about the middle of its ventral half, may be 
seen the cartilages of Jacobson, or the anterior paraseptal carti- 
lages (figs. 2 and 18). Behind these the dorsal portion of the bor- 
der, in its caudo-lateral aspect, is covered by the thin plates of 
the vomer (fig. 2). 

The surfaces of the septum are for the most part smooth, but 
in the region below the crista galli there is a deflection to the left; 
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on the right side this appears as a well-marked furrow, running 
from above downward and forward (fig. 11). In the area just 
above the anterior paraseptal cartilage the furrow lying above 
th6 lower, thickened border is somewhat deepened, and in this 
hollow is to be found the anlage of the organ of Jacobson (figs. 11 
and 18). 

An interesting feature of the mesethmoid is found about the 
middle of its dorsal half (the part corresponding to the future 
lamina perpendicularis of the ethmoid bone), in the form of two 
paired, elongated cartilages, very small in size, which lie parallel 
with, and close to, the surface. These may be termed the 
superior paraseptal cartilages (figs. 11 and 16), and though mature, 
their cartilage is younger in type than that composing the adja- 
cent septimi. The cartilage on the right is somewhat the longer, 
measiu-ing 13 mm., the left being 11 mm., and in direction the 
right is parallel with the caudal border of the septxmi, while the 
left runs slightly upward, as well as backward. The nasal 
septum, opposite the anterior part of each cartilage, and for a 
short distance in front of it, shows a sUght swelling, and the an- 
terior part of the paraseptal cartilage lies just lateral to and 
somewhat below this. So closely does the paraseptal cartilage 
lie to the nasal septum that it is difficult to make out a separation, 
but by the aid of the high power and- close examination it is seen 
that the cartilage is separate from the septiun, except at two 
points on the right side, and one on the left. On the right side 
the connection points are at the anterior extremity, and about 
the middle, while on the left the sole union is at the anterior end. 
Thus each cartilage presents a free, posteriorly projecting ex- 
tremity. From the caudal edges of each cartilage there stretches 
downward a sheet of young connective tissue. Figure 16 shows 
the relationships of the superior paraseptal cartilage to this sheet, 
and it will be seen that, where the cartilage is free from union 
with the septum, as it is on each side in this figure, the relation- 
ship of the cartilage to the membrane is somewhat similar to 
that of a sesamoid bone to its tendon, for the real upper con- 
nection of the membrane appears to be somewhat above the 
cartilages, where it becomes continuous with the perichondrium 
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of the septum, as diown in this figure. The two sheets unite 
below the septum, and in this region, which marks their thickest 
part, they contain the slender spicules of membrane bone 
which represent the vomer. Thou^ they are found through- 
out the extent of the vomer they disappear shortly beyond its 
extremities. 

Fawcett ('11) in his description of the paraseptal cartilages 
finds a similar sheet of condensed mesenchyme, and gives to it 
the name ''suspensory membrane," stating that it envelops 
the anterior and posterior paraseptal cartilages, and extends 
between them; further that in the interval between these carti- 
lages the vomer is developed (following Zuckerkandl '06). I am 
unable- to discover in my model any trace of this ''suspensory 
membrane" in front of the ventral extremity of the vomer, so 
that it has, obviously, nothing to do in this stage with the support 
of the anterior paraseptal cartilages; moreover it is not found 
behind the dorsal extremity of the vomer, and hence cannot func- 
tion in the suspension of the processus cupularis posterior (pos- 
terior paraseptal cartilage of Fawcett) which evidently repre- 
sents the last rudiment of the posterior transverse lamina of such 
forms as the rabbit (Voit). Furthermore, since the cellular com- 
position of this membrane is apparently the same as that which 
forms the membranous anlage of any of the membrane bones, and 
its situation is that which will be occupied by the future upward- 
growing vomer, and since the vomer is to be found within its 
thickened caudal portion, it would appear that it is simply the 
membranous anlage of the vomer. The term 'suspensory' would 
seem to be misapplied, since the bony elements enclosed by it 
cannot be said to be suspended, any more than the early osseous 
spicules of any other membrane bone may be said to be suspended 
in their membranous anlagen, and the cartilaginous elements 
are not enclosed by it; indeed the so-called posterior paraseptal 
cartilages, as Fawcett himself states, are continuous with the 
lateral walls of the nasal capsule (fig. 14). Fawcett evidently 
believes that this membrane once sustained the cartilago parasep- 
talis communis, of such forms as the rabbit, and that the vomer 
is a covering bone which siu'rounds and takes the place of this 
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cartilage when it disappears, although the vomer is present 
along with the cartilago paraseptalis communis in the s^uU of 
the rabbit (Voit). It appears evident from a study of my slides 
that the vomer attains its adult condition by advancing upward 
in this sheet of mesenchyme, and thus comes to enclose the sep- 
timi. What part, if any, the superior paraseptal cartilages 
play in the development of the vomer, or indeed what their real 
significance is, I am unable to say. 

At the ventral end of the *caudal border of the mesethmoid, 
and lying almost parallel with it, there are to be seen, upon either 
side, the small, straight, rod-like ventro-lateral processes (figs. 2, 
3 and 18), 9 mm. in length in the model, connected by their ven- 
tral extremities with the septum (fig. 11), but having their dorsal 
ends free, the greater part of their length being separated from 
the septum by perichondrium. The condensed mesenchyme of the 
ventral tip of the maxilla appears immediately beneath them (f gs. 

2 and 18), and their material is cartilage of the same character 
as that of the adjacent septum. Though then* dorsal extremi- 
ties come into close contact with the cranio-ventral process 
of the median Jacobsonian cartilage, they are not connected 
therewith. 

The Jacobsonian or anterior paraseptal cartilages (figs. 2, 

3 and 18) consist of two paired masses, medial and lateral, found 
immediately dorsal to the ventro-lateral processes* The medial 
mass is a quadrangular, inwardly concave plate, 28 mm. long, 
whose long axis is parallel with the lower border of the meseth- 
moid, with which its upper edge is in close apposition, being, 
for the most part, only separated by perichondrium. It is much 
the larger of the two, and lies at a lower level than the lateral 
mass. The ventral extremity of the plate is drawn out to a 
rather sharp free point, known as the ventral process (fig. 2), 
its tip Ijring just below the septum. The lower border is marked, 
rather nearer the ventral than the dorsal extremity, by a pro- 
jection, directed downward, which, however, is terminated by a 
sharp, backwardly turned point of cartilage, this structure 
being known as the caudal process (figs. 2 and 18). The dorsal 
termination is very blunt; it may be described as the dorsal bor- 
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der. The cranial border, almost parallel with the caudal border 
of the mesethmoid, presents near the ventral process a long, 
slender hmb 1 cm. in length, which curves upward and forward, 
to come into close contact with the dorsal tip of the ventro- 
lateral process, and thus to reach the most ventral extremity of 
this cartilaginous mass. On the left side this off-shoot, which 
may be known as the cranio-wntral process (figs. 2 and 18), is 
disconnected from the septum, though only separated therefrom 
by a thin sheet of perichondrium; but on the right side a con- 
nection to the septum appears near the ventral end of the proc- 
ess. This connection, howev^, is very meager, the surround- 
ing perichondriiun almost cutting it off, and it would seem to be 
secondary. The cartilage of which the plate is composed b 
similar to that of the septum within. The two plates enclose a 
space, open below, which is filled with dense connective tissue, 
and at the dorsal border of the cartilages the yentral tips of the 
vomer are seen in it. The ventral process is connected laterally 
with the lateral Jacobsonian cartilage by cells of precartilage. 

The lateral member of the anterior paraseptal cartilages (figs. 
2-3) is a short, curved rod, 1 cm. in length, whose concavity 
is directed downward, forward and slightly inward, lying almost 
parallel with the cranio-ventral process of the medial mass which 
is to be f oimd inunediately internal to it. The entire lateral mass 
is of a younger type of cartilage than that composing the larger 
Jacobsonian cartilage, and upon examining the sections it is 
seen tiiat it is connected with the latter at a point near the ventral 
process by precartilage. Otherwise the lateral mass is quite 
free. The adjacent portion of the lateral wall is marked by the 
prominent paraseptal process (fig. 2), whose tip is composed of 
young cartilage, and between this and the lateral Jacobsonian 
cartilage there is a zone of loose tissue which suggests an earlier 
connection between these points such as exists in the rabbit 
(Voit) in the form of the anterior transverse lamina. The ect- 
ethmoid would then be united with the medial Jacobsonian 
cartilage, the lateral member being probably a rudiment of this 
lamina. 
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In the ectethmoid (fig. 12) , as we have seen, there may be 
recc^nized a roof; or tectum nasi, a lateral wall, or paries nasi, 
and a floor, or soliun nasi. Its only connections are made 
medially with the septum (figs. 11 and 12) and laterally with the 
cartilago sphenoethmoidalis (fig. 1), both unions being through 
the roof. The posterior, or subcerebral portion of the tectum 
nasi is as yet imperfectly developed, and is concerned principally 
in the formation of the lateral delimitation of the fenestra crib- 
rosa, the representative of the future cribriform plate. Dorsally 
this subcerebral portion is wide and flattened, and forms part 
of the ventral boundary of the fissura orbitonasalis« Medially 
it is connected with the nasal septum by a short line of attach- 
ment, interrupted by small foramina (fig. 12) while laterally it 
is boimded by the broken line of union with the cartilago spheno- 
ethmoidalis^ This portion narrows as it is followed ventrally, 
and forms the rather uneven lateral boimdary of the fenestra 
cribrosa. 

The ventral border of this fenestra is formed by the dorsal 
edge of the prominentia superior (fig. 1), which is a medial con- 
tinuation of the sphenoethmoidal commissiu^ connecting this 
to the nasal septum in front of the crista galli. Projecting 
backward into the fenestra cribrosa from the point of imion of 
the sphenoethmoidal commissure with the superior prominence 
is a short spicule of cartilage, known as the processus crUbroethr 
moidalis (fig. 1), also present in the model of Hertwig. It forms 
the median boundary of a small incisure, known as the incisura 
cHbroethmoidalis (fig. 1) and appears to be the representative 
of the foramen cribroethmoidale of the rabbit (Voit), through 
which the anterior ethmoidal branch of the ophthalmic division 
of the 5th nerve passes into the nasal from the cranial cavity, 
to emerge, as we shall see, through the foramen epiphaniale as 
the external nasal ramus. In the model of Hertwig the incisure 
is still unclosed dorsally. It represents the ethmoidal fissure of 
the matm-e bone. 

The ventral, or precerebral, portion of the roof is attached, 
throughout its entire extent, to the nasal septum (fig. 12). It 
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is almost straight, in the sagittal plane, there being a slight 
depresdon between the superior and the supraconchal (Sakter- 
wulst — ^Voit) prominences. In the coronal plane the tectum is 
convex upwards, and, when regarded from above, it is seen to 
be widened by the afore-mentioned prominences. 

The paries nasi may be divided into a smooth dorsal portion, 
the planiun antorbitale (fig. 3), which forms the ventro-medial 
wall of the orbit, and a ventral portion, which presents a much 
more uneven surface, the two grading into one another in the 
region of the lacrimal duct. Mead states that ''in the reptiles 
a line joining the corresponding place (commissura sphenoeth- 
moidalis) with the processus maxillaris posterior would separate 
the paries nasi from the planiun antorbitale. The same is true 
also of the mammals, although here the planum antorbitale is 
usually oblique instead of transverse." Upon comparison with 
such forms as the pig the paries nasi (sensu stricto) of man, com- 
prising the part ventral to this line, is very rudimentary. Dor- 
sally the planiun antorbitale terminates in a rather sharp point, 
and upon examining the inner surface of the ectethmoid it is 
seen that this tip is turned inward and forward, the cartilage be- 
ing directly continuous, to form the processiis cupularis posterior 
(figs. 12 and 14). The border above this extends upward to 
the bridge of cartilage joining the dorsal portion of the tectum 
with the septum; it presents near its cranial extremity a small 
notch (fig. 12), and below this it is fitted closely to the contour 
of the septum within, the narrow space between being known as 
the cupulo-septal fissure (figs. 2 and 14) completely filled with 
connective tissue. This fissure marks off, upon the septum, the 
delimitation between its interorbital and nasal portions. The 
upper portion of the planum antorbitale is in close relationship 
to the ventral root of the ala orbitalis on account of the very 
rudimentary condition of the interorbital septum in the mammals. 
A theory accounting for the shortening of the latter is given by 
Mead who states: "In the evolution into the nasal capsule of 
the mammals the posterior part of the capsule of the reptiles 
has been expanded by the backward rotation of the posterior 
wall (reptilian planum antorbitale), the pivot being the more 
solid lateral side." 
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Below the dorsal extremity of the planum antorbitale is a 
wide notch, the dorsal palatine notch (fig. 12), partly filled by the 
developing upper portion of the palate bone; below this is a 
rounded angle, from which the sharply-marked lower border 
runs forward and outward, with a sUght concavity downward, 
to end, by an upward and inward bend, upon the posterior 
prominence (fig. 3). When the capsule is looked at from below 
it is seen that the ventral two-thirds of this lowermost border is 
concerned with the attachment of the solmn nasi (fig. 2). Above, 
the line of attachment of the sphenoethmoidal cartilage marks 
oflf the upper surface of the paries nasi from the tectum, and just 
beneath this line, and close to the surface of the planum antor- 
bitale, but separated therefrom by connective tissue, there is 
to be seen a small nodule of cartilage, the cartilago paraethmoidalis 
(figs. 3 and 16) apparently of the same age as that of the adja- 
cent wall. It is oval in shape and bears no apparent important 
relationship to the neighboring structmres. Within the capsule 
the superior nasal meatus corresponds to the dorsal area of the 
planiun, while the middle meatus is medial to its anterior portion. 

The ventral portion of the paries nasi (fig. 3) (paries nasi 
sensu 8tricto)y is thrown into a nmnber of eminences, between 
which lie corresponding hollows. In its dorsal area is to be seen 
the prominentia posterior, a small swelling upon which the poste- 
rior maxillary process appears. The prominence does not ex- 
tend so far laterally as the lower border of the antorbital plane 
behind and below it; the latter is continued upward and in- 
ward, curving over the smnmit of the prominence to enclose, 
in the downward concavity thus formed, the posterior maxillary 
process. The latter is wide and flat, projects ventrally and is 
cut off in front and above by a sharply marked furrow, being 
unboimded below and behind (fig. 17). The slender lacrimal 
bone lies along its upper border, and a short distance lateral and 
below is an elongated nodule of cartilage, the anlage of the pro- 
cessus paranasalis, which may be known as the cartilago parsr 
nasalis. This presents a free .ventral extremity and a dorsal 
extremity closely applied to, but not continuous with, the lower 
aspect of the posterior prominence. It is separated from the 
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underlying cartilage by a thin sheet of perichondrium, and be- 
tween it and the processus maxillaris posterior the anlage of the 
lacrimal duct may be seen. The lower surface of the prominence 
is rounded, and thus contrasts sharply with the lower border of 
the planum antorbitale immediately dorsal to it, which is sharply 
mariced, and projects outward and downward beyond the prom- 
inence. 

The cranial area of the ventral surface presents a smaller 
eminence, the prominentia superior (figs. 1, 3 and 12), to whose 
dorso-lateral edge the q>henoethmoidal commissure is attached 
and which medially goes over into the septum. It is to be found 
just ventral to the fenestra cribrosa, and the small foramen 
epiphaniale (fig. 3) is to be seen piercing its ventro-lateral edge. 
It represents a small cavity, found in the inner capsular waO. 
This prominence is separate from a larger one, situated upon 
the lateral wall, some distance in front and below, which I regard 
as the structure called by Voit the Sakterwulst in the skull of 
the rabbit. Between these prominences a shallow furrow may 
be observed, and this opens below into a prominent pit, delimited 
by the Sakterwulst, and the superior and posterior prominences. 
Tlxis pit corresponds, I believe, to the sulcus lateralis anterior 
which Voit describes in the skull of lepus, and it follows that the 
region dorsal to it must represent the wall of the recessus lateralis. 
The latter is, however, very rudimentary in man, and the corre- 
sponding area of the lateral wall in my model appears to be col- 
lapsed, when compared with the condition in the rabbit as shown 
by Voit's illustrations. The anterior prominence of Voit is not 
to be seen. 

The Sakterwulst (supraconchal prominence) is the most con- 
spicuous of all the prominences in the human ectethmoid at this 
stage, and presents a sharply-marked summit. Behind the lat- 
ter may be seen an undulating ridge, which passes successively 
backward, across the sulcus lateralis anterior, over the ridge of 
the posterior prominence, to reach the lower border of the planum 
antorbitale (f g. 3). The Sakterwulst corresponds to the ventral 
extremity of the middle meatus of the nose; below it is a groove 
leading downward and backward to an incisure in the lower. 
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border of the ectethmoid, the incisura post-transversalis (figs. 
3 and 12), behind the processus paraseptdis, the latter being the 
representative of the anterior transverse lamina of the rabbit 
(Voit). The ventral surface of the Sakterwulst slopes downward, 
forward and inward to the upper part of the incisura narina. 
Upon the edge of this there is, at this point, a small projection, 
the representative of the cartilago cupularis of the lower forms 

(fig. 12). 

The ventro-caudal portion of the paries nasi is raised into a 
slight eminence, and upon the ventral edge of this, which bounds 
the incisura narina, the processus alaris superior appears (figs. 
2 and 12) this being, however, but rudimentary in man when 
compared with such forms as the rabbit. The most prominent 
feature of the lower edge is the elongated and slender paraseptal 
process, which points inward, backward and downward. 

The solum nasi is formed mainly by the inferior nasal concha, 
which appears as the intumjed lower edge of the paries nasi, and 
in part by the rudiments of the laminae transversales anterior 
and posterior, represented respectively by the processus para- 
septflJis and the processus cupularis posterior. The dorsal 
portion of the inferior concha is corrugated, and presents a free 
posterior edge, which meets its median border at a right angle. 
This dorsal edge is inwardly continuous with the lower extremity 
of the middle concha (fig. 12), where it joins the inner aspect 
of the planum antorbitale; with the latter it forms a notch, 
lodging the ventral portion of the upper border of the palate 
bone, and known as the ventral palatine notch (figs. 2 and 12). 
A rounded ridge, directed backward and inward, appears upon 
the lower surface, and separates two grooves, the medial being 
the more well-marked. This ridge is represented in the floor 
of the middle meatus by a wide groove which runs backward 
and inward to terminate by passing over the dorsal edge of the 
inferior concha, which thus shows a marked concavity upward. 

The ventral portion of the solum is narrow and more sloping 
than the dorsal, and is also smoother. It terminates ventrally 
at the post-transverse incisure. The medial border of the 
inferior concha is thickened except at its extremities, and forms 
the lateral boundary of the basal fissure (fig. 12). 
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The medial surface of the ectethmoid is complicated, but is, 
in a general way, concave. DorsaDy may be seen (f gs. 12 and 
14) the processus cupularis posterior projecting forward freely 
into the mesenchyme. This is the last remnant of the lamina 
transversalis posterior which is found in the rabbit (Voit), 
in which animal it connects ventrally with the paraseptal car- 
tilage, but in my model there is no such connection. This is 
the only part of the dorsal border which turns inward, and is 
thus the sole representative of the median part of the cupola 
posterior, described for many of the lower forms. A portion of 
the dorsal border, a little below the lower margin of the bridge 
of cartilage which joins the tectum nasi to the septum is partially 
cut off by a thin sheet of perichondrium, and it also presents 
a slight thickening. Its cartilage at the ventro-cranial edge is 
slightly younger than that found in the adjacent wall. This may 
be the homologue of one of the ethmoidal conchae of the lower 
forms (fig. 12). Below the dorsal portion of the tectum is to be 
seen a small fossa, probably the representative of the spheno- 
ethmoidal recess of the adult condition, and this is bounded 
below by the anlage of the superior nasal concha (fig. 16). The 
latter is a small ridge of cartilage which stretches across from the 
medial siuf ace of the planum antorbitale behind to the attach- 
ment of the middle concha with the wall, in front. 

Below and behind the superior concha is to be seen the superior 
meatus of the nose (fig. 12), and it may be noted that this narrows 
below by reason of the fact that the line of attachment of the 
middle concha, which forms its lower and anterior boimdary, 
runs from above downward, as well as backward. 

The middle nasal concha (figs. 12 and 16) is somewhat larger 
than the superior, and presents an irregular lower edge which 
may be followed from a swelling of the lateral wall (which cor- 
responds to the antero-lateral sulcus of the outer surface) back- 
ward and downward to terminate at the apex of the ventral 
palatine notch by running over upon the dorsal edge of the infe- 
rior concha. The edge of the middle concha is composed of very 
young cartilage. The middle concha is perforated, near its 
upper end, by a small foramen, filled by connective tissue. Its 
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medial surface, in its ventral and upper portion, looks inward, but 
as it is followed dorsaUy it is seen to become directed backward, 
and also to become much narrower, so that the dorso-caudal 
extremity even looks slightly outward, being separated from the 
adjacent medial wall of the planum antorbitale by a perceptible 
interval, the lower limit of the superior meatus, while its dorsal 
edge shows a sUght prominence projecting backward a short 
distance before the lower end is reached. 

The middle meatus (figs. 12 and 16) is quite capacious — al- 
most cavernous — in appearance. Above, it is roofed in by the 
overhanging middle concha, and below it is delimited by the shelf- 
like inferior concha, these* two conchae meeting dorsally to 
bound its dorsal extremity, this latter being a deep recess. Veii- 
trally the deepest portion of the meatus is marked by a furrow, 
which corresponds to the Sakterwulst on the lateral smface. 
At approximately the center of the middle meatus, close to the 
lateral wall, but separated from it by a layer of connective tissue, 
is a small nodule of very yoimg cartilage, surroimded, by a shell 
of procartilage, the latter connecting the nodule dorsally with the 
wall of the ectethmoid, which shows a prominence at this point. 
This nodule, which is known as the cartilago meatus medii, is 
situated at a point of the lateral wall just opposite to the pos- 
terior maxillary process of the lateral smface (fig. 17), and is 
surrounded by loose connective tissue. It occurs on both sides, 
but what its significance may be is uncertain. 

At the root of the paraseptal process there may be seen a small 
hollow, corresponding to the eminence upon the outer surface. 
The under siuface of the ventral portion of the tectum nasi is 
smooth, concave, and presents, lateraDy and above, the foramen 
epiphaniale, aforementioned (fig. 12). 

VISCERAL ARCHES 

Only the upper two visceral arches, representing Meckel's 
cartilage with the auditory ossicles and Reichert's cartilage, are 
shown in the model. 

Meckel's cartilages (figs. 3-4) comprise two irregularly curved 
rods, each of which passes from the ventro-lateral recess of 
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the otic region to the site of the future mandibular symphysis, 
and form by the approximation of their ventral, upturned ex- 
tremities the apex of an angle, the sides of which enclose the 
triangular area occupied by the structures compodng the floor 
of the mouth. In cross-section each rod is seen to be of the 
mature type of cartilage and shows an almost \mif orm diam- 
eter, although the middle of the shaft is characterized by a 
slight but elongated spindle-shaped thickening, while the ventral 
upturned extremity is thickened and flattened ventro-dorsally. 
Tlie dorsal extremity of the shaft, too, just before it becomes 
continuous with the malleus, diows a diort fusiform expansion. 

After leaving the ventro-lateral recess of the otic capsule, where 
it is directly continuous with the malleus, the cartilage proceeds 
forward, inward and downward, Ijring quite close to the pars 
cochlearis of the otic capsule (4 mm. in the model). It then 
changes its direction, passing almost directly forward, and only 
slightly downward and inward, thus forming, in the portion 
below the ala temporalis of the sphenoidal anlage, a wide curve 
with its concavity directed outward, forward and upward. This 
direction is maintained until the cartilage reaches a point a short 
distance in front of its termination, when it turns rather abruptly 
upward, and its tips become flattened, their medial edges being 
approximated in the midline, but being separated by a thin sheet 
of connective tissue, as is usual in homo. Thus a second curve, 
with its concavity upward and slightly outward, is formed. 
Upturning, enlargement and flattening of the anterior end is 
noted by Low first in the 18 mm. stage, and is persistent, the tip 
becoming later constricted o£t, and appearing in the 95 mm. 
stage of Low as a small nodule above the symphysis. 

Excepting the small portion made up of the posterior fusiform 
expansion the shaft is f anked laterally by the covering mem- 
brane bone of the mandible, which also overlaps the ventral ex- 
tremity in the manner shown in the Hertwig model, and which 
was noted by Low as early as the 18 mm. stage. The terminal 
upturned portion of the cartilage shows a general enlargement 
of the cells, and to the lateral surface of this the covering bone is 
applied very closely — ^indeed it would appear that this area is 
encased by a thin plate of perichondral bone. Within this the 
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cells are still larger and vacuolated, and where it fuses with the 
mandibular bone there is what appears to be a beginning center 
of endochondral ossification. Here the ground substance is 
much more deeply stiuning, and at one point a bud of osteo- 
blastic tissue appears to be invading the cartilaginous mass. 
Elsewhere, however, the cartilage and covering bone are separated 
by a narrow interval, containing connective tissue, and nowhere 
else in the cartilage are there any indications of ossification. 

Just beneath the posterior expansion of the shaft is seen the 
small, flattened tympanic bone (fig. 2) , while medial and above the 
latter, lying with its long axis parallel to that of the Meckelian 
cartilage, and immediately applied to it, is the slender goniale. 
Above and lateral to the posterior extremity of the shaft is to 
be seen the squamo-temporalis. 

Ventrally the mylohyoid muscle is attached to the perichon- 
drium of Meckel's cartilage, but in the middle third its attach- 
ment is to the inner table of the mandible and its dorsal pro- 
longation, this connection being established just above the 
cartilage. Hence it would appear that the mylohyoid ridge of 
the mature bone indicates the original position of Meckel's 
cartilage. 

By reference to the Hertwig model it is seen that in the inter- 
val between the 40 mm. and 80 mm. stages there has been a 
modification of the curve of the cartilages, the dorsal curvature 
having been eliminated in the older stage, so that the proximal 
portion of the cartilage is forced away from the cochlea and the 
angle at the symphysis considerably widened. It would appear 
that in the process of development the cartilage grows more 
rapidly in length than in thickness, and hence with advancing 
age it becomes progressively more slender. This is brought 
out clearly when my model is compared with the earlier Low 
('09) models on the one hand and with the Hertwig model on 
the other, the cross-section of the rod in the latter being less 
when compared with its length than is the case in my model, 
and much less than that of the earlier Low models. 

Evidence of beginning ossification and resorption of the 
cartilage opposite the interval between the lateral incisor and 
canine tooth germs is first noted by Low ('09) in the 31 mm. 



414 CHARLES CLIFFORD* MACKLIK 

stage, in the fonn of enlargement of the cells, while in the same 
region, in the 36 nun. stage, he mentions ossification of the 
perichondrimn with vacuolization and enlargement of the cells. 
Again, in the 55 mm. stage, he figm^s this region of Meckel's 
cartilage ahnost surromided by bone, and undergoing resorption. 
Hertwig's model shows a complete investment of covering bone 
in this region. My model is intermediate between the 36 and 
55 mm. stages of Low, the cartilage being only half siurounded 
by bone, and ossification just commencing within. 

Of the auditory ossicles all are represented in the model (figs. 
2 and 3). The malleus, as has been stated, is directly continuous 
ventrally with the shaft of Meckel's cartilage. Dorsally it is 
cut off from the incus by perichondrium, though in the model 
the two are represented as continuous, a lateral furrow marking 
the intervening boundary. The head of the malleus is large 
and rounded, and lies just lateral to the tegmen tympani, being 
separated by connective tissue; its manubrium is long, thick- 
ened proximally, and its tip is closely applied to the promontorj^ 
of the cochlea, a condition which is strikingly different from that 
found in the model of Hertwig, where there is a considerable 
interval between these parts, caused apparently by the expansion 
of the middle ear region, which has thrust the upper end of 
Meckel's cartilage, with its affixed structures, outward. In the 
angle between the manubrium and Meckel's cartilage the tym- 
panic and goniale are seen. The goniale, which represents the 
future anterior process, is at present unattached to the malleus, 
and remains so till the end of the fifth month (Broman '99). 

The incus is completely separated from the malleus, in front, 
and from the otic capsule, behind, by perichondrimn, and pre- 
sents a body to which is attached a long and a short limb, 
morphologically resembling the adult condition. The incudo- 
stapedial articulation is formed of condensed mesenchyme, and 
marks the apex of a right angle, open upward, outward and back- 
ward, formed by the long limb of the incus and the two limbs of 
the stapes, and in this angle the facial nerve is to be found. 

The stapes at this stage is circular in form, the base being 
imperfectly developed. The limbs are represented by well- 
defined, round cartilaginous rods. 
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Reichert's cartilages (figs. 2 and 4) are the paired cartilaginous 
rods, lying below the posterior half of Meckel's cartilage, which 
form the posterior part of the hyoid arch. Each is roughly 
the shape of a walking cane with a curved handle and a some- 
what bent shaft. The handle-like portion is foimd between the 
lower end of the crista parotica and the lateral extremity of the 
jugular foramen, the fenestra perilymphatica being above it, and 
' the paracondyloid process below. It lies quite free in the mesen- 
chyme, separated by that tissue from the otic capsule, a con- 
dition agreeing with that described by Jacoby for an earlier stage, 
in which the cartilages were in contact with the otic capsule, but 
not fused with it, as they are shown to be in the Hertwig model 
of a later stage. Each cartilage is of almost uniform diameter 
throughout, and its direction is from behind forward, inward 
and dightly downward, the shaft presenting a slight outward 
and downward bowing, where it sweeps around the promontory of 
the cochlea, and a gradual intuming toward the distal extremity. 
As it passes forward the shaft gradually separates from the 
promontory, to which it is closely approximated, without being 
actually in contact, and at the same time draws closer to Meckel's 
cartilage. The terminal anterior tip lies just medial to the angle 
of the mandible (fig. 2), and above the greater comu of the 
hyoid cartilage, which it overlaps for a short distance, without 
actually becoming contiguous, and it shows a rather younger 
type of cartilage than the rest of the shaft. The latter differs 
from that of the chondrocranimn in being more reddish in stain. 

MEMBRANE BONES 

All of the purely membrane bones of the skull are represented 
in my embryo, though they are as yet but imperfectly developed. 
The interparietal appears, as has been noted, just lateral to the 
dorsal occipital prominence as a faintly staining spicule of osseous 
matter, but owing to the lack of the dorsal sections the extent 
of the bone could not be ascertained, and hence it was not shown 
in the model. Though this bone does not appear in the model 
of Hertwig it must have been present, as this embryo was con- 
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siderably older than mine. According to Mall ('06) the centers 
for the interparietal (one on each side) appear on the 57th day 
and unite on the 58th day. 

Situated some distance above the otic capsule, and forming a 
part of the side wall of the cranial cavity, is the network of bone 
which is the anlage of the future parietal (fig. 4). It is roughly 
of diamond shape, with the long axis directed cranio-caudally, 
and medial to its lower border is the disappearing parietal plate,* 
the two layers, cartilage and bone, being separated by a slight 
interval filled with connective tissue. There is a considerable 
area separating this bone from the frontal, and it is also widely 
separated from the interparietal, there being a very large area at 
the back of the craniimi, behind the parietals and above the 
tectmn posterius, uncovered by bone or cartilage. 

The parietal bone is not so dense as the frontal, showing that 
it is probably later in appearing. Its structure presents no 
definite center, it being a fine reticulum throughout, though, for 
technical reasons, it has been represented in the illustrations as 
a solid plate. 

The frontal bone (fig. 4) is similar in structm^ to the parietal, 
and encloses the lateral and ventral parts of the anterior cra- 
nial fossa. In it two main parts may be distinguished, a ver- 
tical portion, convex antero-laterally, and a horizontal portion, 
which is slightly arched upwards for the accommodation of the 
structures of the orbit; these being the anlagen of the correspond- 
ing parts of the adult bone. Joining these portions is a well- 
marked, rounded ridge, the representative of the future supraor- 
bital ridge, and here the bone is most densely deposited, especially 
in the central part of its extent, indicating, probably, that in this 
position the first masses of osseous tissue were laid down, and 
not in the region where the frontal eminences will later appear, 
as is stated in the textbooks. The entire margin of the bone, as 
well as the greater area of the posterior half, is but a tessellated 
plate composed of intercrossing osseous spicules. The anterior 
extremity is rounded, and shows no definite resemblance to the 
mature condition; it is separated by a considerable interval 
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from the nasal bone, and almost touches its neighbor of the 
opposite side, this being the part of the bone which most nearly 
reaches the median plane. Posteriorly it gradually recedes 
from this plane, the entire medial edge of the horizontal portion 
underlying the outward-slanting ventro-lateral edge of the 
sphenoethmoidal cartilage. Its dorsal extremity is separated by 
a considerable interval from the parietal bone. It also, for tech- 
nical reasons, is figured as a plate. 

The squamosal (figs. 2, 4 and 13) is a somewhat fan-shaped 
bone, in which two distinct portions may be recognized; a pos- 
terior flattened plate, covering laterally the auditory ossicles and 
the upper part of Meckel's cartilage, and a ventral, elongated 
spicule of bone, the zygomatic process, whose tip is foxmd just 
above the dorsal tip of the zygomatic bone. The upper edge of 
the flattened portion is convex upward, and is somewhat ser- 
rated, the lower border being slightly concave, and passing 
directly into the zygomatic process. The latter, owing to its 
Ijdng parallel with the sagittal plane, meets the flattened portion 
at an angle, as the latter looks outward and forward (fig. 2). 

The zygomatic bone (figs. 2 and 4) is somewhat quadrilateral 
in shape, and thus bears a resemblance to its adult condition. 
It already shows a body, with four angles, three of which termi- 
nate in marked projections. The body is flattened and thin, 
and the ventral part of its medial surface is in close apposition, 
though not in imion, with the zygomatic process of the maxilla. 
From the dorso-caudal angle there projects backward a spicule 
of bone, whose dorsal extrelmity underlies the ventral extremity 
of the zygomatic process of the squamosal, thus identifying it 
with the zygomatic process of the zygomatic bone; the zygomatic 
arch is, accordingly, incomplete. From the cranial angle there 
projects upward and slightly backward the rather blunt, but 
strongly marked, frontal process, lying somewhat ventro-lateral 
to the upper extremity of the ala temporalis, and a slender 
elongated and inwardly curved infra-orbital process overlies the 
outer border of the zygomatic process of the maxilla. The 
caudo-ventral angle of the body is well-marked, and represents 
the anlage of the future malar tubercle. 
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The lacrimal (figs. 4 and 17) is a slender spicule of membrane 
bone lying along the upper and lateral part of the cartilaginous 
posterior maxillary process, its long axis being directed from 
behind forward, inward and slightly upward. Its middle part 
presents a slight thickening, and the naso-lacrimal duct lies im- 
mediately lateral to it. 

The nasal bone (figs. 1 and 4) is represented in the model as a 
thin plate, rounded in outline, flattened, and about 1 cm. in 
diameter, Ijdng upon the part of the upper surface of the tectum 
nasi which represents the medial surface of the supraconchal 
prominence. Behind this plate, and Ijring close to it, are several 
minute nodules of membrane bone, which also contribute to the 
formation of the adult bone. The nasal anlagen lies in a mass 
of dense mesenchyme, which overlies the entire nasal capsule, 
similarly to the formation described by Fawcett ('10 a and '10 b) 
in a 30 mm. human embryo. 

The tympanic (figs. 2 and 4) is a short, flat plate of membrane 
bone, lying beneath the posterior extremity of Meckel's cartilagCi 
and in front of the malleus. Its anterior part is slightly wider 
than the posterior, and its long axis lies parallel with that of the 
cartilage, its flattened surface being applied to the latter. Th£ 
bone is found in an isolated anlage of condensed osteogenic 
mesenchyme, and is placed lateral to and below the goniale. 
When compared with the Hertwig model it is seen that the only 
part which is as yet laid down is the anterior widened extremity, 
there being no evidence of the ring-like form of the later bone. 

By the subsequent outward swinging of the ossicles and 
attached Meckelian cartilages consequent upon the expansion 
of the region of the middle ear the plane bordering upon Meckel's 
and Reichert's cartilages is changed in direction, so that its outer 
surface looks almost directly downward, as shown in the model 
of Hertwig, instead of outward, as is the case in my model, and 
at the same time the interval between these two cartilages is 
relatively narrowed. This interval the tympanic bone comes to 
occupy, its dorsal half, as yet undeveloped in my embryo, being 
applied to the cartilage of Reichert in the Hertwig model, the 
long process of the malleus occupying a position within the ring. 
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The goniale (figs. 1-2) is a short, somewhat flattened, rod of 
membrane bone, lying immediately below and medial to the pos- 
terior fusiform enlargement of Meckel's cartilage, and so close 
to the latter that it appears to be developed from the perichon- 
drium covering its surface. Its long axis is parallel with that 
of Meckel's cartilage, and its anlage is quite separate from that 
of the tympanic, which lies on a lateral and caudal plane. Its 
posterior end approaches close to the neck of the malleus, but 
does not actually become continuous therewith xmtil the end of 
the fifth month (Broman '99), when it becomes the anterior or 
Folian process of that ossicle, a fact winch was demonstrated by 
Dreyfuss ('93). Gaupp ('05 and '11) hafi given strong reasons 
for the identification of the processus Folianus with the goniale 
of the reptiles, and it is on his authority that I have used that 
name for it here. The bone is shown in the Hertwig model, 
and also appears in Low's illustration from a 95 mm. hiunan 
embryo xmder the name of 'processus folianus.' 

The vomer (figs. 2, 16, 17 and 18) is represented by two slender 
strips of bone lying one .on either side, immediately caudo- 
lateral to the lower border of the mesethmoid, the two almost 
enclosing this border excepting for a narrow strip between their 
lower edges. The dorsal extremity of each strip is blunt, but the 
ventral is drawn out to a fine point, and near the latter there is a 
bridge between the two bones. The ventral point prbjects 
only a short distance in front of the dorsal border of the larger 
Jacobsonian cartilage. 

The maxilla (figs. 2, 4, 16 and 17) is an irregular mass of 
cancellous bone which lies in a notch on the ventro-lateral aspect 
of the ectethmoid, and it already shows the frontal, alveolar, 
palatal and zygomatic processes. The central mass of the bone 
is irregularly triangular in form upon coronal section (fig. 17), 
the longest side of the triangle being applied to the ethmoidal 
cartilage, while the medial angle represents the palatal process, 
the upper angle the frontal process, and the remaining angle, 
which is a right angle, the alveolar process. The pointed, up- 
wardly-directed frontal process reaches a level somewhat above 
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that of the lacrimal; its posterior surface forms the anterior wall 
of the space containing the naso-lacrimal duct (fig. 4). The 
palatal process does not quite reach to the median plane and 
anteriorly it is separated by a notch from the extremity of the 
alveolar process: its medial border is below and lateral to the 
vomer, and its posterior border underlies the palatine bone for a 
considerable distance. 

The alveolar process is a very irregular ridge of bone, occup3dng 
the inferior and lateral edge of the maxilla, and its anterior end 
extends medially almost to the mid-line, coming to lie in advance 
of the palatine process. In its lower aspect may be seen the 
depressions for the future dental alveoli. The zygomatic process 
is a more lateral coarse spicule of bone, which projects back- 
ward and outward imtil its extremity almost touches the inner 
surface of the zygomatic bone. It is perforated from above 
downwards by foramina, and just before it joins the body of the 
bone it sends up a small process, which marks off a groove occu- 
pied by the second branch of the trigeminal nerve (fig. 17). 
There is as yet, therefore, no foramen for this nerve trunk. The 
posterior edge of this process is continuous inwardly with the 
posterior edge of the palatal process. Anteriorly a spicule from 
the upper part of the anterior extremity of the alveolar process 
projects forwards, and lies lateral to and below the anterior 
part of the anterior paraseptal cartilage, to which it is closely 
applied. This is the anlage of the anterior nasal spine. 

The palate bone (figs. 2, 3, 14, 15 and 16) is a thin, delicate 
lamella of osseous tissue, strongly concave inward, which walls 
in the dorsal portion of the nasal cavity. Its borders are ser- 
rated; the upper being fitted into the dorsal palatine notch of 
the ectethmoid, and ventrally to this into the ventral palatine 
notch. The incurled lower edge (fig. 2) which becomes the 
palatal plate, approaches but do^ not meet its fellow of the 
opposite side, being separated from it in the model by a space 
of 15 mm. Dorsally the anlage of the pyramidal process is 
represented by a thickened and irregular projection which lies 
ventral to the medial pterygoid lamina. 
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The medial pterygoid plate (figs. 2, 3 and 10) is represented 
by an elongated and somewhat spiral rod, lying behind the 
palate bone and medial to the lateral portion of the ala temporalis. 
Two distinct portions may be recognized in it, the upper part 
being osseous and the lower cartilaginous. The former is bent 
dorsally and from its most posterior extremity, which is about 
3 mm. from the medial angle of the lateral portion of the ala 
temporalis, a short but stout process projects cranio-medially, 
marking the highest part of the rod. Below it terminates in the 
cartila^ous hamular process, which points ahnost straight 
downward. 

The membrane bone of the upper portion is typical in structure, 
and when followed downward shows a gradual transition into 
the cartilage of the hamular process. The cells of the membrane 
bone enlarge, their capsules swell, and at the same time the 
ground substance becomes lighter in color. Nearer the cartilage 
which forms a cap to the extremity of the osseous rod the capsules 
become smaller, the ground substance increased in amount, and 
the line of transition is not sharply marked. Though the tip 
of the cartilage partakes of many of the properties of normal 
cartilage — staining lightly, having a homogeneous matrix, the 
nuclei surrounded by capsules, and the whole being enveloped 
by a closely-fitting, sharply defined, thin sheet of perichondrium 
— ^yet there are several points of difference which mark out this 
mass of cartilage as different from that found elsewhere in the 
primitive skull. The matrix stains sUghtly more darkly, the 
nudei are larger and lighter in color, and the capsules surround- 
ing them are relatively smaller, when compared with the size 
of the nuclei. Altogether the cells resemble those of membrane 
bone more than they do those of typical cartilage. 

The mandible (figs. 3-4) is a plate of membrane bone Ijring 
immediately lateral to Meckel's cartilage, and separated from 
this throughout its extent by connective tissue, except in a 
small area in the region of the lateral incisor and canine tooth 
germs, where, as has been noted, the bone is directly applied to 
the cartilage, appearing like ossified perichondrium. The pos- 
terior part of the bone is wider than the anterior, and is marked 
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cranially by a distinct indentation, the representative of the 
future sigmoid notch, which separates the anlagen of the condylar 
and coronoid processes. Just external to the latter is the zygo- 
matic bone, and internal to it is the cartilaginous pars temporalis 
of the sphenoid. The lateral surface of the plate shows, about 
the junction of the anterior and middle thirds, a distinct open- 
ing, the mental foramen, and at this point there is a bend in the 
bone, the direction of the long axis changing from downward 
and forward to upward, inward and forward. A short distance 
above the lower border of the bone, and parallel with it, a groove 
may be seen upon the lateral surface, more distinct posteriorly 
than anteriorly. This is also shown in the illustrations of Low's 
older specimens, and appears to represent the line of insertion of 
the masseter. 

The anterior half of the bone shows an inner table, regarded 
by some authors as the splenial element, which separates the 
vessels and nerves from Meckel's cartilage, becoming continuous 
anteriorly with the ossified perichondrium immediately sur- 
rounding the cartilage. About the center of the long axis of the 
bone the so-called splenial element dwindles in height, and 
terminates as a thin, backwardly projecting spindle of bone, to 
which the mylohyoid muscle is attached. Anteriorly the mem- 
brane bone overlaps the termination of the cartilage of Meckel, 
and thus shows the condition observed by Low as early as the 
18 mm. stage. 

On the whole, the shape of the mandible suggests the adult 
condition, though it is considerably more slender, and the angle 
is more obtuse. Immediately caudo-medial to the latter is the 
tip of Reichert's cartilage. There are no accessory cartilaginous 
nuclei observable, as Low describes in an older model. 

Low ('05) has held that each half of the mandible is laid down 
as a single skeletal element, the dentary, the so-called splenial 
element being simply an extension of this. The condition in my 
embryo supports this finding, the main portion of the bone being 
formed of the dentary, the splenial element being but a thin 
lamella of osseous tissue, directly continuous below with the 
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anterior portion of the dentary, and posteriorly terminating in a 
slender process, as described. Within this medial plate the tooth 
gutter is well-marked. The condition is very similar to that 
shown by Low ('09) in his text figure 4. 

CONCLUSION 

From the foregoing brief account of the morphology of the 
human fetal skull of 40 mm. it will be seen that it presents, at 
this stage, several unique featiu^s. The structure of th^ parts 
surrounding the foramen magnum is significant in casting, per- 
haps, some further light upon the genesis of this interesting region. 
The presence of a fairly clearly defined neural arch of the occipital 
vertebra has been dwelt upon, and its interpretation discussed. 
The finding of a small nodule of cartilage above and in front of 
the cochlea is, so far as I am aware, a contribution to our knowl- 
edge of the parts in this area. Other new features are the carti- 
lagines paraethmoidalis, meatus medii and paraseptalis superior, 
all of which have been briefly described; in addition may be men- 
tioned the lateral and dorsal cranial cartilages, and the paranasal 
cartilage, lying lateral to the lacrimal duct. 

Finally, I wish to express to Professor McMurrich my sincere 
appreciation of his kindness in placing at my disposal the mate- 
rial for this research, and the freedom of the Anatomical Labora- 
tory of the University of Toronto, as well as of his abundant 
advice and encouragement. 

Anatomical Laboratory. Univenity of Toronto 
September. 1913 
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SKULL OF A HUMAN FETUS 
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PLATE 1 



sulc. suprasep. 
Sakterwulst. 

prom. nas. aup 
mm. sphenoeth. 
incia. cribroeth. 
proc. cribroeth. 
septum nas. 

cart, sphenoeth. 



sopt. int4jrorb. 
ala orbitalis 

iini. praechiasm. 

proc. dorsolat. .^. 

foram. optic 
ala hypochiasiii 

ala tenipor. 

proc. alaris. 

tttj'.-ia hypophys. __ 

prom. coch. sup. 
Malleus 
Incus , 
plan. iMissilo 

incis. interoond. 
[lars canal ic. 

iisss. cap. par. 



•"ulc. occip. imr. _ 



prom, occip. dors. 




--** Naaale 



Maxill. 
crista galli. 

fenos. crib. 



fiss. orb. nas. 
radix vent. 
^^ _ M»-i"-/ - - for. praechiaam. 

^r^- mf9 -\rJ - - - — Z-VKo^^atic 

\ . \ _ _, ,jB- ■f - **'"• ^ypocliiasm. 

^^ ^^^ radix dors. 

^ , proc. clin. med. 

. _ _ _ . Mandib. 

cart, supracoch. 

dorsum sollao 

^ Squamosum 

»_^ _ Gonialo 

-^^^ _ ^gidr^r^s^^r, , - nieat. acuH. int. 

_ - — for. hyi)oglus. 

f"'"- cndolymph. 

^>jI/ for. magnum 

I / for. condyl. 
\ 1.. cart. cran. lat. 

..^. neural arch occip. vert. 

^ prom, foram. dor?. 

- j|^ _ . ^ jF. . . _ , _ , _ incis. occ. sup. 

-...*.*«•»*.-- cart. cran. post. 
», ^ , , ^^ , » , . * », tectum post. 



1 Wax plate reconstruction of the chondrocranium of a 40 mm. human fetus, 
seen from above. 
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SKULL OF A HUMAN FETUS 

CSAJtUBS CUPFORD MACKLOC 



aepium nasi -- 

proc. lat. vent. - 

proo. craniovent . 

Frontale *' 

proc. vent. - 

MaxilUre .. 



Vomer — ' 



Palatinum 
ZyBomatic 

Mandib. 



Squamosum 

planum baaalo 

Parietale 

prom. coch. inf. 

sulcus basiooch. vent. 

proinont. 

cart. Reich. 

fen. perilymph. 

massa pyram- 

for. hypoglosni 

proc. mast. 

oroc. paraoond. 

(ventro-caud. surf.) 

proc. paracond. 

cresoentic ridge 

paraforaminal area 

neural arch 

of occip. vert. 



prom. for. post 




- - — - . locis. DAnna 
------ proc. alar, sup, 

- ' — - cart, pansep. l&t 
*»- -— - proc. paxasept. 
proc. caud. of ea.n. 

parasepC mad. 
cartil. paran&s. 

, fias. basalis 

-~" alaorbitali» 

- — ' ^ — ineis. palat. voot 
..„^,_^ 6sB. cup. sept. 

-* piDC. cup. post. 

_ , ^ for. optur. 

_, *,.- nJa hypochiasm. 

_ ^ ^ , _ cuu paraiq>beo. 

* . 'p -.- -. ^ ala temp. 

------ proc. alari? 

. , , - cart. Meek. 

:x- Goniale 

Tympanicum 

Malleus 
Incus 

Stapes 

crista parol 

J>roc. interp nl.^ii.^ 
or. jucularp 
for. paraoond 
incis. intercotKl, 

prom. fonm. wtii 



cart. post. craD. 



- - for. mag. 

. _ prom, occip. dors 



' incts. occip. WP* 



2 Skull seen from below. 
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PLATE 3 




proc. lat. vent. 

cart, paraaep. lat. 

incb. posttrans. 

cart, paraaep. med. 

Maxillare 
prom, poet. 

Mandib. 

cart. Meek. 

Palatinum '^ -^^ - -j 

cart, parasphen. 

cart. Reich, 
planum baisale 

MalleuH 

promont. 

Incus 

crista parot. 

prom. for. vent. 

proc. (Miracond. 

proc. mast. 

cres. ridge. 

fim. caps. par. 

sulc cape. par. lat. 

fiss. ca(M. occ. 

cmin. DOC. lat 
prom. for. dors. 



fiss. occ. par. 



'--- — Sakterwulat 

. ^. ^ — proc. paraaep. 

- ^ — - - - - for. epiphan. 

i prom. sup. 

proc. max. poet. 

crista calli 
cart, paranas. 
cart, aphenoethm. 

^_^Mv«^^^^^VJ _ ^. cart, paraethm. 

planum antorb. 

Ijr "fc^"^ " " - - ala orbitalis 

rvMBH- ■•••-- T ala temporalis 
* ~ ala hypochiaam. 
-- proc.alariB 

I ^ "^ ' --' proc. clin. ant. 

.,.^_^^ ^ cart. Bupracocb. 

_^. _, .- , dorsum aellae 

,^,_ para oooh. 

r^ - I^M^ -.-.-^ — --. para canal. 

i*r:, => .^^K.^ _ comm. cape. par. 

'\ : : 

/.i v.-. cart. cran. lat. 
- ■ -r- lam. pariet. 

fiaa. lam. pai. 



cart. cran. post 
tectum post 



3 Skull seen from left side. 
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SKULL OF A HUMAN FETUS? 

CHARLB9 CUfTOBD MACKUH 



or. Optic 



Parietalc 



cart, cranii ixMt 



proc. din. ant 

toct. po«t 

lani. pariet 

coinm. cap. par, 

f\9H. cap. par 

proc. din. poHt 



|)arH canal. 

IncuH 
S<iuanio(tuni 

proc. mast, 
crista parot. 
proc. 
paraoondyl. - 
for. jugul. . 
cart. Reich. . 




MalleuH Tyni- pro- for. pars. cart, ala Zygo- ala hypo- Palatin. Mandib. 
panicum mont. hyix>> coch. supra- tomp. matic chiasm, 
giossi coch. 



4 Skull showing the right anterior aa\)cci. 
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PL.\TE 5 



comm. teg. for. lam. foram. 

caps. par. imp. Malleus faciale spiral for ooch. div. 



lam. pariet. 
fiss. (>ape. par. 

prom, semicir. ant. 

foH. suharc. ant. 
for. for vest. div. 

prom . cms com . 

(v«). caps, occip. 

for. endolymph. 

fwH. oor. par. 

m\c. cap. occ. med. 
mm. utrip. amp, 



tub. jug. 



*-'" - cart, supracoch. 
. proc. clin. post. 

dorsum scllae 

— crista transversa 



incis. sphono-coch. 




planum basale 
aulc. hasicoch. dors. 



for. jugul. 

prom, foram. vent. 



proc. for. neural arch, foram. para- for. hypo- 
dors, occip. vert. oondyl. glosai 



5 The left otic and occipital regions, viewed from within. 
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prom* 

utrio. inois. 

amp. otio. sulc. 

prom, aemioir. ant. sup. sup. fac. 




prom. utnc. amp. inf. 



promoatonum 



prom. ooch. sup. 



omrnn. supraftc. 

for. fac. 

tee. tymp. 
sulc. carot. 
parscoch. 
prom. coch. inf. 
stapes 

fen. vest, 
promont. 



6 Lateral aspect of right otic capsule. 



incis. otic. sup. 



comm. iuprafac. 

prom. coch. sup. 
for. fac. 



meat, acust. int. 

parscoch. 

for. for acoust. div. 

plan. baa. 

prom. coch. inf. 



lam. spir. 




comm. caps. par. 

fisB. caps. par. 
pars canal, 
prom, semicir. ant. 
lam. pariet. 
fos. subarc. ant. 

fiss. caps. ooc. 

squama ooc. 

for. endolymph. 
prom. crur. oomnn. 

sinus trans, 
squama occ. 



crescentic fiss. for. for vest. div. prom, utric. amp. inf. 

7 Medial aspect of right otic capsule. 
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PLATE 7 



can. amp. can. fen. nerv. 

aemicir. ant. aemicir. ant. vest. fao. 



duotuB 
ooch. 



remnant of otocyst. 

cruflcomm. 
amp. ran. aemicir. lat. 

can. aemicir. poet. 




comm. lam. pyram. 

Stapes 

impreeaion of aulc. carotio 



can. amp. can. fen. perilymph, 

aemicir. lat. aemicir. poat. 



8 Lateral aspect of cast of cavity of the right otic capsule. 



meatus acua. int. -< 




^ can. aemicir. ant. 



remnant of otocyat. 
can. aemicir. lat. 

cruaoomm. 
for. endolymph. 
can. aemicir. lat. 
can. aemicir. poat. 



for. nngulare fen. perilymph, amp. can. aemicir. post. 

9 Medial aspect of cast of cavity of the right otic capsule. 
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CHARLKS CUrrOBD MACKUN 



ala orbit. vent, root comm. praechiasiu 



fi*». orb. na« 



cart, sphenoetb. 



proo. (lorHolat. 

for. pruccbiiiMiii. 

for. optic. 

ala byiKJcbia-Hiti. 
(lorHal root 



proc. alar, 
ala toinp. 



plan. bafl. 




for. rot, 

bim. pterv. it t 
cnrt. para*] ii- 
pnx". ham. 



10 Antero-latoral aspect of detached sphenoidal region. 
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PLATE 9 



tectum nasi 



■opt. interorb. 
ventral root, alaorb. 




crista salli 



tectum nasi 



- proc. vent. lat. 
- ' cart. i>anu«pt. ant. 

cart, parasept. sup. impression for Jacobson's organ 

11 Shows the nasal and intcrorbital septa from the right side. Unions with 
ventral root of ala orbi talis, tectum nasi of ectethmoid, ventro-lateral process, 
and anterior paraseptal cartilage are seen. The superior paraseptal cartilage 
appears in the more dorsal area. The dorsal cut surface of the inteiorbital sep- 
tum could not be represented from this position, but it begins above a little below 
the level of the lower edge of the ventral root of the ala orbital is. Dorsal to this 
root the posterior edge of the illustration represents the dorso-cranial border 
of the septum in terorbi talis. 





septum nasi 


proc. 


crib, etl 


\, 




V. 




a\ 


.,^*.^-,«— ^- prom. sup. 


p. sphenoeth. 


^ 


I^-'^ 


ik 


> 


roncha sup. 


JV 


^ 


A 


4 «^>>,.,«^,.,«.. £qj. epiphan. 


meat. sup. 


.^p 


^A 


w 


^^^--r"^ -*-— septum nasi 


roncha med. 


/m^r 


^^ 







l>roc. cupul. post, 
incis. palat. dors. 



cart, cupul. 



proc. alar. sup. 



incis. palat. vent. meat, concha cart. meat. proc. incis. posttrans. 
med. inf. med. parasept. 

1 2 M«dial aspect of left ectethmoid. Unions with the nasal septum are shown. 
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SKULL OF A HUMAN FETUS 

CHAKLXS CUPVORD If iLCKLIN 



'*i-;i*v:,iji» 



gang, aemilun. 



Squamos. 




cart, siipraroch. 
incU. 9ph^nocorh. 

cliorda tlor*. 

Corp. Hphon. 
8ulr. I»ai»u>rr, <Uii> 
iluct. rorh. 



Stc 252 



nart. Meek. 



tul>. audit. Hulc. ari. 

oarot. carot. int. 



13 Coronal section through head at level of hypophyseal fossa, showing the 
cartilago supracochlearis overlaid by the semilunar ganglion. 
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PLATE 11 



oomm. for. 
nerv. optic, cniasm. chiasm, sept, interorb. 



ala orb. 



(ht Ectethmoid. 
post, extmnity) 



left Ectethmoid 
(poet.eKtr0mity) 



fuB. cup. sept. 




proc. cup. post. 



14 Coronal section through head showing dorsal part of ethmoidal and ven- 
tral part of orbitotemporal region. Asymmetry is due to obliquity of section. 
The posterior cupular process on the left side (right side of illustration) is shown 
joining with the side wall; on the other side, in which the plane of section i.s 
posterior, the process is completely joined to the ectethmoid. 



PLATE 12 



SKULL OF A HUMAN FETUS 

CHARLKS CfJPFORD MACCUlf 



nerv. trigem. I. — --^^ f* 
HP|)t. iiitprorhit. 




nerv. optir. -**. 



proc. cup. i»OBt. 

sept. naa. 

nerv. trigem. II. 

nerv. trigem. III. 



narpH i»o«t. 










ala orl>it. 



fias. cup. sept. 



cup. post. 
Ectethnmid 



Vomer 



- l*alat. 



15 (^oronal section through the dorsal part of ethmoidal region, showing pos- 
terior ciipular process, the nasal septum, the interorbital septum with attached 
alae, and the palatine and vomer. 
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Ecteth- septum 
cart spbenoethm.. ncrv. trigem. I. moid nasi, concha sup. cart, paraethm. 



I»ara«ept. sup. 



lUge of Vomer 




Maxilluro Falatinuni Vomer ncrv. trig. H. 



16 Coronal section through the ethmoithil region, showing superior paraseptal 
cartilages, paraethmoidal cartilages, the vomer, maxilla, and palate bones. 



PLATE 14 



D«rv. trigem. I. 



cart, sphenooihm. 



SKULL OF A HUMAN FETUS 

CHARLB8 CLDTORD If ACKUN 

Mpt. nasi Frontale 



concha mod. 



Ecteihmoid 
aniage of cart. meat. med. 



anlage of Vomer _. 



nerv. trigem. (div. 2). 



facial vein 




concha inf. 
meat., inf. 
MaxiUare 



tooth bud Vomer 

17 Coronal section through ethmoidal region, showing nasal septum, ecteth- 
moid, with attached conchae, cartilago paranasalis, and vomer, maxilla and 
lacrimal bones. 

AM — Anlage of the maxilla 

(vPi — Cranio- ventral process of medial lamina of anterior Jacobsonian cartilage 

CPi — Lateral lamina of anterior Jacobsonian cartilage 

CP» — Body of medial lamina of anterior Jacobsonian cartilage 

CP4 — Caudal process of medial lamina of anterior Jacobsonian cartilage 

CP»— Dorsal extremity of lamina of medial anterior Jacobsonian cartilage 

Ep — Epithelium of nasal cavity 

J — Organ of Jacobson (right) 

Jd — Duct of left organ of Jacobson 

Jm — Meatus of duct of right organ of Jacobson 

M — ^Mesfethmoid 

MS — "Suspensory membrane" of Fawcett, the anlage of the vomer 

OM—Maxilla 

OV— Vomer 

PV — Vtentro-lateral process 
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PLATE 15 




Sre 71 



Sec 83 



Sec 99 



18 Scries of eight, coronal cross-sections, through caudal portion of meseth- 
iiioid, in the region of the anterior paraseptal cartilages. Sections numbers 35, 
45, 59, 65, 71, 78, 83, and 99. Magnif. 

Section 35 shows the ventral end of the ventro-lateral process, PV, and its con- 
nection with the caudal border of the mesethmoid. In section 45 the dorsal 
ends of these processes are shown in cross section, with the ventral extremity of 
the maxilla OM; the membranous anlage of this bone appears in sections 35 and 
45 — AM. Part of the epithelium of the nasal cavity is represented in all the 
sections Ep. Section 59 is through the ventral end of Jacobson's cartilage and 
shows the cranio-ventral process of the medial lamina CPi on the right side at- 
tached to the mesethmoid, while the outer lamina, CP2 lies free in the mesenchyme. 
Owing to the section having been cut somewhat more deeply on the right than on 
the left side, the left side of the illustration shows a somewhat more dorsal plane 
than does the right. The meatus of the right Jacobsonian duct opens at Jm in 
section 59. Section 65 shows, on the right side the dorsal tip of the left outer 
lamina of Jacobson's cartilage, and medial to this the main part of the inner 
lamina below, and the cranio-ventral process above. The organ of Jacobson 
appears in this and following sections, and it will be observed that the meseth- 
moid has become quite thin in its vicinity, the organ lying in a concavity of the 
cartilage. In section 71 the main lamina of Jacobson's cartilage is seen CP^, 
and it will be noted that at its caudal extremity the relationship to the maxilla 
is very intimate. In the next section. No. 78, the caudal process is seen separated 
from the main mass of the cartilage, and in the next section. No. 83, this process 
has disappeared. In No. 99 the dorsal tips of the Jacobsonian cartilages are 
seen CPs, and below the mesethmoid, lying in a mass of condensed mesenchyme, 
the anterior tips of the vomer are seen as two small spicules of bone. 
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INTRODUCTION 

The foetus forming the subject of description in this paper 
exhibits the rare deformity of complete absence of the ulna in 
each arm, accompanied by the still much rarer condition of 
monodactyly (figs. 1 to 4). This latter condition is not to be 
confused with the relatively common condition of syndactyly, 
where more than one digit is present, but they are united by a 
web of skin and other tissues. Monodactyly, the presence of 
only one digit, is very uncommon, and in a search through 
the literature only one case was found that resembles the present 
one, and that was presented as a freak exhibit at a medical 
society, no anatomical investigation of it having been made. 

385 
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I have, therefore, undertaken to work out the special anatomical 
details of muscles, vessels and nerves in one of the deformed 
limbs, in the hope that light might be thrown on some of the 
primitive conditions of these parts, and also with the purpose of 
adding a definite and exact contribution to the present inade- 
quate knowledge of this abnormal condition. '' Indeed the 
inquiry into several types of malformation and structural anom- 
aly has repeatedly thrown light not only on the malformation 
or anomaly itself but also upon the normal process of develop- 
ment the disturbance of which it represents/' — (Ballantyne). 

PRESERVATION 

This specimen was not obtained until about one week after 
its birth, and in the meantime had been kept inmiersed by the 
undertaker who sent it to us, in an embalming solution which, 
as far as can be ascertained, was practically a 10 per cent for- 
malin solution. In the laboratory it has been kept in 80 per 
cent alcohol. No injection of the blood vessels was attempted, 
and though this has added somewhat to the difficulty of dissec- 
tion, good results have been obtained., 

PARENTAL HISTORY 

The parental history, as far as could be ascertained, is prac- 
tically negative concerning the deformity in this foetus. The 
parents are about twenty-five years of age, in comfortable cir- 
cumstances, have good mentality and are free from venereal 
diseases as far as known. There have been two miscarriages 
previous to this one, with no deformities. 

EXTERNAL APPEARANCE 

The body of the foetus (figs. 1 and 2) is that of a well de- 
veloped child bom at the end of the seventh calendar month of 
pregnancy. It is well formed, healthy looking, and apart from 
the upper limbs has no superficial evidence of abnormality. The 
sex is male, and no aberrant development of the external genitals 
is present. The back is strongly curved, the head bent forward, 
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and the legs strongly flexed and drawn up against the abdomen. 
On fpllowing the line of the vertebral column, a slight scoliosis 
is observed in the thoracic region convex to the right. 

The whole body is covered with a well developed lanugo 
moderately dark in color, and on the head is abimdant fine black 
hair about 2 cm. in length. Nails are present on all the digits of 
both upper and lower limbs, but are yet some distance from 
the extreme ends. 

The weight of the child is 1280 grams, and the length from 
the vertex of the skull to the ischial tuberosity, measured over 
the back, is 325 nun. These measurements correspond fairly 
well with figures given by Keibel and Mall ('10) and by Mc- 
Murrich ('15) for the seventh month. 

The deformed upper extremities show an upper arm segment 
with the forearm flexed upon it and united to it by a web of skin, 
a narrow carpal region and a single digit. On the right arm 
there is also a single digit located at the inner side of the elbow. 
The general resemblance to the wing of a chicken plucked for 
cooking is strong, and led to the assertion that the mother's 
fondness for visiting the zoological gardens and watching the 
birds was responsible for this deformity, because she had spent 
much time in this w^y diuing the spring and summer months 
of her pregnancy. Maternal impressions have been credited 
with many strange and miraculous powers without any rational 
basis, and this is surely an example where a credulous imagina- 
tion has been led far astray. A mere coincidence has been used 
to work out a sequence of cause and effect, and, like much cir- 
cumstantial evidence, there is here no basis for the assumption 
that the two facts have in truth any association whatever.. 
Only a very slight knowledge of human embryology is necessary 
to shatter the theory in this case. The bird impression, if it 
may be so called, seized the mother during the spring and 
summer when she had a strong desire to be out of doors. It 
may be assmned that the deformity in the limbs was an accom- 
plished fact when the Umb skeleton was laid down and so was 
present at the time of the appearance of ossification in the limbs 
in the seventh week of development. Indeed it may even be 
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assumed that the deformity was already established at the time 
when ehondrifieation began -and its origin is thus carried back to 
at least the fifth week and to a time when the mother would just 
begin to suspect that she had become pregnant, as her expected 
menstrual period would then be a week overdue. No visits to the 
zoo were yet thought of, as this was in midwinter, and yet the de- 
formity was even then an accomplished fact which future develop- 
ment could not alter, but only make more clear and accentuated. 

The deformed limbs will now be described in more details 
In each arm (figs. 3 and 4) the shoulder and scapular regions 
appear normal, but slightly flattened, as though from pressure 
from the body lying on its side. The upper arm segment lies 
parallel to the long axis of the body, close in at the side, and 
appears flattened from side to side so that its mediolateral trans- 
verse diameter is only two-thirds that of the dorsoventral. It is 
gently tapering in outline, narrowing as the elbow is approached. 
The elbow is fairly well rounded, and from it the forearm runs 
forward in the same plane as the upper arm and flexed on it at an 
acute angle, being maintained in the position by a thick web of 
skin extending across the interval between arm and forearm. The 
part of the forearm beyond the attachment of the web is roimded, 
with its transverse diameters about equal, and tapers gradually 
distally. The carpus, metacarpus and the single digit also taper 
continuously distally, and are all in a position of partial flexion, 
showing marked creases or folds on the volar surface at the line 
of the joints. There is a well developed nail on the digit, but 
it does not yet reach to or project beyond the end of the finger,, 
as is the case in a child bom at full term. 

The left forearm and hand (fig. 3) are in the same plane as the 
upper arm and in a position of complete pronation. The hand 
lies against the side of the cheek, the palm facing directly ven- 
trally. Flexion in this hand is gradual. 

The right forearm and hand (fig. 4) are in a position midway 
between pronation and supination, a position identical with that 
normally assumed when the limb skeleton is first defined (Lewis, 
Keibel and Mall's Human Embryology). The distal end of the 
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forearm curves somewhat inward and the carpus is sharply 
flexed upon it and the hand thus comes to lie across the body 
under the chin, with the palm facing caudally. 

The left arm has no accessory appendages or indications 
of any of the missing parts, but on the right one (fig. 4) there is a 
flattened appendage attached by a very short narrow circular 
stalk to the medial surface of the forearm almost at the elbow. 
This structure widens immediately beyond its attachment, being 
much compressed and running back applied against the surface 
of the arm, and from the distal part of this broader portion 
a narrow finger-like process extends at right angles up in the 
line of the limb, pointing toward the hand. This appendage 
strongly resembles another digit arising at the elbow. 

Measurements of the foetus, and especially of the deformed 
limbs are here appended in tabular form: 

Weight of foetus 1280 grains 

Length from vertex to ischial tuberosity 325 mm. 

Ischial tuberosity to bend of knee 80 mm. 

Bend of knee to tip of heel 75 mm. 

Ischial tuberosity to tip of heel 155 mm. 

Tip of heel to distal end of digit 1 63 mm. 

Deformed upper extremities 



Acromion process to point of elbow 

Point of elbow to distal end of radius 

End of radius to finger tip 

Skin web 

From point of elbow to free edge 

Angle of divergence of axis of arm and forearm 

At rest 

Extended to utmost 

Extra digit 

From pedicle to outer edge of broad portion — 

Outer edge of broad portion to tip of digit 

From pedicle straight to tip of digit 



82 mm. 
57 mm. 
35 mm. 

35 mm. 

28 degrees 
50 degrees 

12 mm. 
18 mm. 
20 mm. 



74 mm. 
52 mm. 
25 mm. 

37 mm. 

24 degrees 
45 degrees 
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The only case recorded that closely resembles this one is 
one reported by Barabo COO). The complete description as 
given by him follows: 

Ferner beriehtet Herr Barabo liber cine eigenartige Missbildungen 
an den Armen und Handen eines nicht voUstandig ausgetragenen 
Kindes. Das Kind, 2800 gm. schwer, 46 em. lang, war mit Wolfs- 
rachen behaftet. Der rechte Oberarm von der Schulter bis zur Ell- 
bogenspitze war 7 cm. lang; der Vorderarm bis zum Handgelenk 4 cm. 
Am Vorderarm war nur ein Vorderarmknocken vorhanden. Von der 
Beugeseite des rechten Oberarmes ausgehend lief cine Hautfalte auf 
den Vorderarm, die 1 cm. unterhalb des EUbogengelenks inserirte imd 
den Vorderarm in spitzwinkeliger Beugestellung hielt. An der rechten 
Hand war nur ein vollkommen entwickelter Finger und Mittelhand- 
knocken vorhanden. Die tibrigen P'inger und Mittelhandknocken 
fehlten. 

Der linke Oberarm zeigt ebenfalls ein Langenmaass von 7 cm.; der 
Vorderarm war 5 cm. lang; die beiden Vorderarmknocken waren nor- 
mal entwickelt. Es fehlt ebenfalls die ganze mittelhand. Der Dau- 
men, rudimentar entwickelt, sass direct auf dem Handgelenk auf und 
war 1 cm. lang und mit dem 4 cm. langen Zeigefinger durch Syndaktylie 
verbunden. Mittel- und Ringfinger fehlten. Der Kleinfinger war vor- 
handen und 4 cm. lang. 

Der Vortragende lasst die Frage ofifen, ob die Missbildunge auf 
abschntirung durch amniotische Faden oder Hypoplasie zuruckzu- 
fiihren sei. 

From the above account it will be seen that the right arm 
in Barabo's case shows exactly the same condition of a webbed 
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elbow, single bone in the forearm and monodactyly, as is shown 
in both arms of the foetus described by me. This is an impor- 
tant point as it leads to the assumption that this condition is a 
very definite one, which although very rare is not purely a 
chance occurrence but may have some definite cause. Thus it 
would be the concrete indication of the previous working at a 
certain particular period of development of some definite 
vicious or teratogenic influence. 

RADIOGRAPHS 

Four radiographs were made of the foetus in the X-ray de- 
partment of the Toronto General Hospital. Plates were made 
of the whole body from the front and from the side, and also 
special ones of each arm from the side. The definition of 
structures in the plates was excellent and identification of 
various parts was an easy task. Prints made from these plates, 
however, were imsatisfactory, since heavy prints intended to 
show structures with light shadows made heavier parts a soHd 
mass of shadow without detail, while fight prints did not bring 
out distinctly the fighter parts. Three prints of each plate were 
made, a heavy, a medium, and a fight, and from these and the 
plates, the following description has been pieced together. The 
illustrations are from actual tracings from the plates and are 
designed to show only essential structures. 

The radiograph of the left arm (text fig. A and fig. 6) shows a 
well-developed scapula of normal proportions, and articulating 
with it the humerus, which is fairly heavy and of typical shape. 
The upper end is weU expanded as is also the lower, but as 
might be expected no ossification is yet present in the epiphyses. 
The lower end extends almost to the end of the bend of the 
elbow, and coming off in front of it is a single bone lying in 
the forearm. Owing to the cartilaginous condition of the epi- 
physes, no articulation can be demonstrated, only the osseous 
tissues showing. That this bone in the forearm is the radius 
is quite evident from its shape, the upper end being narrow 
and the shaft round above and gradually broadening as it pro- 
ceeds distaUy, the entire bone being also sUghtly curved in 
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its length. Beyond the radius is a considerable clear interval 
including all the carpal and metacarpal region where there is 
yet no ossification, but in the single digit a small rectangular 
ossification is seen proximally and another occurs distally, these 
representing the shafts of the proximal and distal phalanges. 
Between the two is a clear space where the still unossified car- 
tilage of the middle phalanx Ues. 

The right arm (text fig. B) presents a few diflferences from the 
left. The scapula and humerus are both typical. The humerus 
does not, however, reach as near the point of the elbow as does 
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Text fig. A Sketch from a radiograph of the left arm showing the ossified 
portions of the skeleton. 

Text fig. B Sketch from a radiograph of the right arm showing the ossified 
portions of the skeleton. Note the extra digit at the elbow. 
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that of the left arm, the end of the radius lying under it instead 
of in front of it. The radius is more curved than in the left 
arm. No carpal bones yet appear, but in the metacarpal region 
there is a small ossification representing the shaft of a single 
bone. As on the left side ossifications for the proximal and 
distal phalanges are present in the digit, while no middle pha- 
lanx yet shows. The proximal phalanx is not as well developed 
as on the left side. 

The appendage at the elbow on the right limb (text fig. B) is 
interesting. Its pedicle appears in the interval between the 
humerus and radius and running dorsally in its broad part 
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is a well marked metacarpal ossification, and at right angles 
to this and lying in the narrow digital part of the appendage 
is the ossification representing the first phalanx. In the region 
of the second phalanx there is yet no bone, while the distal 
phalanx is represented by an extremely small centre of ossification. 

Some delay is thus evident in the processes of ossification in 
these limbs since the appearance of the primary center in a meta- 
carpal is usually in the ninth week and for a middle phalanx 
about the twelfth week. (Keibel and Mall.) 

The skeleton of the lower lipab (fi!g. 5) appears to be normal 
except that no middle phalanges yet show ossification. Meta- 
tarsals, proximal and distal phalanges are all ossified as are 
also the talus and calcaneus. The long bones are normal. 
Delay in ossification in the middle phalanges is again evident in 
these limbs. 

The skull shows no abnormalities, although ossification is 
very heavy in the base, especially in the petrous regions and 
body of the sphenoid, but the vertebral colunm and ribs show 
some interesting features. The vertebral body (fig. 6) shows 
as a transversely oval patch with a small clear spot in the center, 
indicating the position of the notochord. The appearance of 
the body indicates the occurrence of ossification from bilateral 
centers or else from a center indicating a bilateral origin. The 
ossified part of the neural arch is still divided into its two halves, 
no fusion having yet occurred either with the bodies or dorsal 
to the spinal cord. The center in each half of the arch (fig. 5) 
is quite distinctly seen lying to the side of the body and on the 
thoracic vertebrae well marked transverse processes can also be 
seen. In the sacral region the centers for the neural arches are 
very insignificant and none are to be seen for the coccyx. The 
first three sacral vertebrae show a well marked center of ossifi- 
cation (fig. 6) on each side in the lateral mass. There are seven 
well marked ce^rvical vertebrae, thirteen thoracic, five lumbar, 
five sacral and one coccygeal. The first sacral may be identified 
by the presence of the centers in its lateral masses, so that it is 
evident that the presacral vertebrae are twenty-five in number 
instead of the normal twenty-four. That the supernumary 
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vertebra is a thoracic one is assumed from the fact that there 
are the normal number of lumbars and cervicals, all typical of 
their region in appearance, and all free from ribs, while between 
these regions lie thirteen vertebrae, all of which bear ribs. 

All the thirteen ribs (figs. 5 and 6) are well marked, though the 
first and the last are very short. It is unlikely that the rib at 
the upper end is cervical, or the lower one lumbar in origin in 
view of the fact that these regions have their full number of 
vertebrae without ribs. 

The cause of the scoliosis meptioned previously is shown in 
the radiograph. The body of the third thoracic vertebra (fig. 
6) is imperfect on the left of the mid-line. It shows ossification 
but is only half the size of the right half, and this center of 
ossification has remained separate from its fellow on the right 
side. The fourth body is slightly tilted up on the left to make 
up for the deficiency. The seventh thoracic vertebra on the 
left side of its body again exhibits the same deformity, with 
lack of fusion of the two centers of ossification in the body, and 
in this case the eighth, ninth, tenth and eleventh vertebrae, 
lying below it, are all tilted up to compensate for the deformity. 
Both defective vertebrae show good neural arches with well 
developed ribs articulating with them. 

The only points in regard to the skeleton, which are not 
brought out by the radiographs, but become evident on dissec- 
tion, are that eight costal cartilages articulate with the ster- 
mmi, and that there are only two carpal bones. The carpal 
bones are not yet ossified, and so do not show in the radio- 
graphs. The proximal one is long and cylindrical, with a con- 
vex head proximally articulating with the lower end of the 
radius, and a concave facet distally for the other carpal. The 
second carpal is an irregular wedge, broad dortolly, narrow ven- 
trally, with a proximal convex articulation for the other carpal, 
and a concavoconvex facet distally for the metacarpal. It is 
impossible to identify either of these bones with any one of the 
normal carpal bones, but they resemble the navicular and lesser 
multangular more closely than any others. 
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DISSECTION OF LEFT ARM 
MUSCLES 

In describing the muscular system in this limb frequent refer- 
ence to variations and to comparative anatomy are made, 
where it would be tiresome to keep repeating the authority for 
such statements. In such cases it is to be considered that Le 
Double's book "Variations du Systeme Musculaire de THomme" 
has been followed. 

Where no comments are offered regarding the variations of 
origin or insertion, or additional attachments of any muscle 
noted here, it is to be inferred that such departures from normal 
have been frequently noted before by others, and are not of 
great significance. 

As is to be expected, there is Uttle change and abnormality 
in the muscles belonging to the upper part of the limb, but great 
structural differences become increasingly evident as one proceeds 
distally. , 

MUSCLES FROM AXIAL SKELETON TO SHOULDER GIRDLE AND 

HUMERUS 

All the following muscles sire present and exhibit normal 
origins and insertions (figs. 7 to 10). 

Sternocleidomastoid. 
Subclavius. 

Trapezius. Muscle fibers end at level of ninth thoracic vertebra, below this 
point there is only a thin aponeurosis. 
Rhomboidei, minor et major. 
Levator scapulae. 
Serratus anterior. 

Latissimus dorsi — with an accessory head from the lower angle of the scapula. 
The two pectoral muscles exhibit some variations from the normal. 

Pectoralis major (figs. 7 and 8, PMa) 

Origin. Normal. 

Insertion. Into the outer lip of the bicipital sulcus by a heavy 
sheet of tendon. From the deep surface of this tendon two ab- 
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normal accessory heads of origin of the biceps brachii are given 
off. 

From the lower free edge of the muscle and from the main 
tendon there arises an aponeurotic strip which graduaUy nar- 
rows as it passes down the arm and forms a band arching over 
the biceps muscle and inserting into the medial epicondyle 
and the medial epicondylar ridge of the humerus. This band 
is the chondroepitrochlearis muscle, and is not an imcommon 
structure, being frequently found in the adult (8 times in 64 
subjects, lie Double). It is much more frequent in females than 
in males. It is a normal part of the musculature of many of 
the lower animals, being known under various other names in 
cheiroptera, bears, foxes, Dasypus, Echidna, Batrachia and 
Cetacea, and is beUeved to be homologous with the tensor plicae 
alaris of birds (Le Double). 

Pectoralia minor (fig. 8, P.Mi) 

Origin. Statements differ in various textbooks as to the 
extent of origin of this muscle, some (e.g., Piersol) say the 
third to fifth ribs, others (e.g., Morris) include the second rib 
also. In this instance the more extensive origin occiu^. 

Insertion. The insertion is into the upper siurface of the 
coracoid process and the outer part of the costocoracoid mem- 
brane is so intimately blended with this part of the muscle 
that I have debated whether or not to call it a second inser- 
tion into the middle third of the clavicle, an attachment which 
is occasionally exhibited. The lowest fibers are attached to the 
medial surface of the coracobrachialis muscle, an insertion 
which has been noted in other cases by Winslow (vide Le 
Double). 

SHOULDER MUSCLES 

The deltoid, supraspinatus, infraspinatus, teres minor, teres 
major, and subscapularis are all present, and normal in extent. 



ANATOMY OF A M0N0DACTYL0U8 FOETUS 397 
BRACHIAL MUSCLES 

Coracobrachialis (fig. 8, C) 

Origin. From the coracoid process, and capsule of the 
shoulder joint, by a conunon tendon with the short head of the 
biceps. The capsular origin is uncommon. The muscle in its 
upper part receives fibers from the pectoralis minor as mentioned 
above. 

Insertion. Into the medial side of the hmnerus from the 
level of the lesser tuberosity almost down to the medial epi- 
condyle. What are here present are thus all three divisions of 
the muscle, namely, superior, middle and inferior portions. 

The siiperior portion here exhibited is rarely found in man 
though normal to some ot the lower animals. The coraco- 
brachialis superior, when present, inserts into the lesser tuber- 
osity, surgical neck, and medial bicipital ridge of the humerus, 
also frequently into the capsule of the shoulder joint. It occurs 
only very rarely in the Anthropoidea but as a normal structure 
in the Quadnunana. It is also present in the elephant, giraffe, 
bear, cat, hyena, opossum. Echidna and several other animals. 

The coracobrachialis medius is inserted into the middle portion 
of the humerus and forms the main mass of the normal human 
ntiuscle, the remainder being constituted of the upper part of the 
coracobrachialis inferior. The medius is the only portion of the 
coracobrachialis present in the aye-aye, the bat, and the sloth, > 
while it is absent in the kangaroo, otter, and seal. 

The coracobrachialis inferior has an extremely variable inser- 
tion, extending in different cases from an attachment a couple of 
centimeters long on the shaft of the humerus below the medius, 
to an insertion on the inner edge of the whole lower half of the 
shaft of the bone and the inner epicondyle. In the latter case 
it bridges the supracondylar foramen in animals where this is 
present and so is perforated by the median nerve and brachial 
artery. This muscle is foimd in the cetacea, the hedgehog, the 
bear, great anteater and others. The inferior portion is much 
more developed here than is normal in man, but similar de- 
velopment has been frequently found before. 
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Between the upper and middle portions runs the musculo- 
cutaneous nerve, but there is no perforation of the lower part 
of the muscle by the brachial artery and median nerve, as occurs 
when the muscle extends as far as the medial epicondyle of the 
humerus. The medial edge of the upper third of the muscle is 
connected with the deep surface of the pectoralis major by a 
muscular band. 

MUSCLES OF THE UPPER ARM 

Biceps brachii (figs. 7 and 8, Bi) 

Origin. The long head arises normally from the supragle- 
noid tubercle of the scapula. Its tendon is very thin and 
narrow. * 

The short head is fleshy and heavy, arising by a broad tendon 
from the coracoid process and the capsule of the shoulder joint, 
the muscle formed by this head overlapping that of the long 
head. 

In addition to these two heads two accessory heads are pres- 
ent on the lateral side, arising from the deep siurface of the 
tendon of the pectoralis major and joining the long head at the 
level of the bicipital groove. On the lateral surface of this 
united bundle comes in a tough short tendon from the deltoid 
tubercle and imder the long head there is also a distinct bundle 
arising from the shaft of the himierus to join the long head. 
There are thus seven distinct origins for this muscle. All these 
abnormalities have been noted by Le Double though some of them 
are extremely rare. 

Insertion. The greater part of the muscle passes into a tough 
cylindrical tendon passing to the bicipital tubercle on the 
radius. 

This is a second tendon, however, passing from the super- 
ficial and medial aspect of the muscle, as a broad flat band 
with diverging crescentic edges. It is attached to the ante- 
rior surface of the medial epicondyle of the humerus, and to the 
shaft of the radius in front of and beyond the bicipital tubercle. 
Between these two points the inferior border of this aponeiux)si3 
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presents a free crescentie border under which are visible the other 
tendon of the biceps and the tendon of the brachialis muscle. 
There is some fusion of the deep fascia of the arm to the muscle 
at the beginning of this superficial tendon, which might be 
interpreted as a rudimentary semilunar fascia. 

The attachment to the humerus must be extremely rare as it 
has not been noted by such an authority as Le Double and no 
explanation of such an attachment can be drawn from compara- 
tive anatomy. The only plausible theory to be entertained is 
that this is possibly an extremely well developed semilunar 
fascia which has obtained a bony attachment by following the 
intermuscular septa to the bones. 

The median nerve passes on the superficial surface of this 
broad tendon while the brachial artery and vein pass deep to it, 
and also behind the roimd tendon. 

The biceps muscle is responsible for the position of partial 
supination of the radius, though the hand is pronated. It is 
to be remembered that one action of the biceps normally is 
rotation of the radius to produce supination, accomplishing this 
by a forward pull on the bicipital tubercle which lies posterior 
to the long axis of the bone in pronation. In this case the radius 
has been rotated imtil the bicipital tuberele lies facing the ante- 
rior surface of the humerus. There are no muscles attached 
to the radius capable of opposing the biceps in this action tod 
so the position of supination will be permanently retained. 

THE BRACHIALIS MUSCLE 

This muscle is divided longitudinally into two portions. 

Medial portion (fig. 8, Br.) 

Origin. Normal in extent from the lower half of the front 
of the shaft of the humerus. 

Insertion. The muscle passes down on the humerus almost 
to the articulation with the radius. It is inserted along a 
continuous line on the back of the neck and head of the radius, 
the joint capsule and the medial epicondyle of the humerus dis- 
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tally and deep to that part of the biceps tendon inserted here, 
and deep to the origin of the muscles of the forearm. 

This portion of the muscle is supplied by the musctilocutaneous 
nerve, which is normal, as this portion of the muscle develops 
from the ventral musculature of the arm. 

The insertion of the brachialis on the radius is to be exi>ected 
here, as the ulna is absent, and. because it is a frequent abnor- 
mality to have accessory insertion on the radius in addition to 
its ulnar insertion. Indeed, in addition to the ulnar insertion 
in some of the lower animals, such as the horse, the ruminants and 
the rodents, a radial attachment is normal and in a few species, 
such as the platjrpus the radial insertion is the only one found. 

Lateral portion (figs. 7, 9 and 10, Br.) 

This portion is so distinct from the medial portion as to be 
practically a separate muscle. It is also divided longitudinally 
into two completely separate bundles. 

Origin. The two bundles of this muscle arises alongside of 
each other, following the lower half of the circumference of the 
deltoid tubercle. 

Insertion. They pass down the arm as parallel fasciculi and 
are inserted on the lateral border of the radius in line with each 
other, th^ most lateral fasciculus being at least a third the dis- 
tance down the shaft of the radius. This portion of the muscle 
is supplied by the radial nerve and represents the portion of the 
muscle developed from the dorsal musculature of the arm and 
has, in this instance, separated from the rest of the muscle 
formed from the ventral elements. The radial nerve normally 
supplies a small portion of the human brachialis muscle on the 
lateral side, thus indicating the normal composition of the muscle, 
which always has a small portion of the dorsal musculature in- 
cluded in it. Le Double cites cases where thie brachialis muscle 
has been found divided into two distinct heads, as found in this 
case, either one of which may be subdivided again. He does not 
state the nerve supply, but it is probable the primary separation 
is between the doxsal and ventral elements of the muscle. 
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This lateral portion forms a sharp fold projecting between 
the humerus and radius and occupies the deeper portion of the 
skin web previously described as binding the arm in flexion at 
the elbow. This muscle is very tight and prevents all exten- 
sion of the radius on the humerus. It is the muscle so placed 
as to most thoroughly prevent this movement, and the part 
responsible for this is the lateral portion, due to its insertions 
down the shaft of the radius. There is no opposition to this force 
as the triceps is not attached to the radius. 

Although this muscle occupies only about half the projecting 
extent of the skin web here, it is probably the cause of the web, 
forcing the skin out in a sharp fold ahead of it. The fold has 
developed beyond the extent of the muscle later on. 

The lateral portion of the brachialis is responsible for another 
displacement of the radius. As its insertion is far down on the 
shaft of the radius, and its pull is all to the one side, it has swung 
the radius around laterally until the long axis of this bone lies 
in a plane parallel instead of perpendicular to the line joining 
the two epicondyles of the humerus. This latter relation is not 
at first sight apparent, for the forearm appears to be ventral, 
not lateral to the upper arm. The reason for this is that the 
scapula, carrjdng the humerus with it is rotated through a 
right angle forward and inward on the flattened chest wall. 
The scapula has medial and lateral surfaces respectively, instead 
of ventral and dorsal. The humerus similarly has medial and 
lateral siu-faces instead of ventral and dorsal, and the axis at the 
lower extremity passing through the epicondyles is not medio- 
lateral in direction, but dorsoventral. The forearm thus lies 
in a dorsoventral plane although actually rotated laterally 
through a right angle. 

Triceps brachii (figs. 9 and 10, Ti, T^y 2\) 

Origin. The long head is very large and arises from part of 
the axillary border of the scapula as well as the infraglenoid 
tubercle. 

The lateral head arises from the upper third of the posterior 
surface of the shaft if the humerus above the groove for the 
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radial nerve, and is quite large. Its border blends with that of 
the long head throughout its extent. 

The medial head lies on the back of the nodddle third of the 
humerus, below the groove for the radial nerve. It is over- 
lapped largely by the long head and blends with the deep surface 
and medial border of the latter. 

The lower two-thirds of the muscle exhibit a tendon running 
lengthwise, at the line of junction of the long and lateral heads. 
Towards this tendon fibers converge in the upper part 
muscle, and in the lower part they diverge again to their insertion 
on the bone. 

Insertion. Owing to the absence of the ulna no normal in- 
sertion is possible, and the whole lower attachment of this muscle 
is transferred to the humerus. The insertion is into the whole 
of the lower third of the posterior surface of the shaft of the 
humerus and to the back of both epicondyles. The radius re- 
ceives no attachment whatever from this muscle, so extension 
of the forearm is an impossibiUty. This explains the early 
fixation of the forearm in extreme flexion, allowing thus of the 
development of the skin web and shortening of the brachialis 
muscle to make this deformity a fixed one. Migration of the 
attachment of the brachialis down the shaft of the radius is 
thus permitted by the permanent flexion of the forearm. In 
this position the further the muscle passes down the radius the 
shorter it becomes, as its insertion approaches the level of its 
origin. 

It might be asked why, in absence of the ulna the brachialis 
muscle becomes attached extensively to the radius but the tri- 
ceps all ends on the hiunerus. Why does not the triceps also 
reach the radius? The difference seems reasonable in view of 
the following circumstances, comparative anatomy furnishing 
the answer to the problem. The brachialis is attached to the 
radius occasionally in man, and as before mentioned, normally 
in certain lower animals in addition to its ulnar insertion, 
while in a few species the radial insertion is the only one. In the 
case of the triceps, insertion on the radius is not normal in the 
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lower animals even where the ulna is of small importance in the 
forearm. 

It is to be noted that although the two humeral heads of the 
triceps can produce no movement, as they both arise and insert 
on the humerus, yet they are both well developed muscle masses. 

MUSCLES OF THE FOREARM 

There has been great disturbance of the muscles in the fore- 
arm, due to the absence of the ulna and reduction of the hand, 
but it is still possible to homologise some of them with those of 
the normal type. The others however are difficult to define and 
the homologies given for them are more in the nature of proba- 
bilities than of definite facts. The extensors seem to be more 
reduced and more atypical than the flexors. 

EXTENSORS 

Mostly members of the superficial group are here present as all 
of the deep group with one exception are absent. There are four 
muscles to consider on this surface. 

1. Brachioradialis muscle (figs. 9 and 10, B.) 

Origin. High on the lateral epicondylar ridge of the humerus. 

Insertion. A very short cylindrical muscle running across 
the bend of elbow to insert on the shaft of the radius at about 
its middle point, and just to the side of the insertion of the 
lateral portion of the brachialis muscle. 

This muscle is probably the brachioradialis and its shortening 
is not extreme, having been noted in other cases, while in one 
of the anthropoids, the gibbon, its insertion is normally high up 
on the shaft of the radius. 

2. Common superficial extensor mass (figs. 9 and 10, C.EM.) 

Origin. Lower part of lateral epicondylar ridge and outer 
surface of lateral epicondyle of the humerus. 
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Insertion. Runs directly parallel to radius and inserts at the 
middle of the shaft of that bone, just medial (owing to pronation 
apparently lateral) to the brachioradialis. 

This muscle probably represents the undifferentiated remainder 
of the superficial extensor mass, except the extensor carpi ul- 
naris which is separate. It will thus include the extensors carpi 
radialis longus and brevis, digitorum communis and digiti quinti 
proprius. In some reptilia and amphibia these muscles are in a 
conunon supinato-extensor mass. 

Why none of this mass reaches the carpus or digit cannot 
be explained, but the fact that none of it does so explains why 
the hand is carried in a position of permanent flexion, because 
there is a flexor muscle attached to the digit and it is thus 
without an opponent to its pull. 

3. Supinator (figs. 8 and 10, A.) 

Origin. Covered by the common extensor mass it comes from 
the anterior surface of the lateral condyle of the humerus. 
This represents the superficial or humeral portion only of the 
normal human muscle. 

Insertion, It courses parallel and deep to the common exten- 
sor mass and is inserted into the capsule of the radio-humeral 
joint, head, neck and upper third of the shaft of the radius, 
right down to the insertion of the common extensor mass. 

This muscle, it seems to me, is quite evidently the supinator, 
and so is the single representative here of the deep muscles of 
the extensor series in the forearm. 

Extensor carpi ulnaris (figs. 7, 8, 9 and 10, E.C.U,) 

Origin, Below the preceding muscle from the lowest part of 
the lateral epicondyle of the humerus. This is the last of the ex- 
tensor group and lies in contact with the flexors. It is the 
longest of the extensors, being over double the length of any of 
the others. 

Insertion, By a long slender tendon which is one-third the 
length of the muscle, into the middle of the dorsal surface at the 
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lower extremity of the radius and into the carpus. At the 
origin of the long tendon from the belly of the muscle there comes 
ofif also a very short tendon which courses obliquely toward the 
flexor surface of the radius and is inserted right alongside of and 
practically blended with a part of the flexor digitorum profundus, 
about three-quarters of the distance down the bone. 

This muscle is named the extensor carpi \ilnaris because of its 
superficial origin from the himierus and its insertion into the 
carpus, and because it is the most medial of the extensor muscles 
here foimd, and is in contact with the flexors. All the muscles 
inserting into the carpus also show attachment to the lower end 
of the radius, this attachment seeming to be due to a spreading 
out of the tendon at its insertion, and so I do not think the 
radial attachment here offers a serious obstacle to calling the 
muscle the extensor carpi ulnaris. 

FLEXORS 

This group of muscles exhibits members of both the super- 
ficial and deep layers and although badly disorganized it still 
retains a somewhat closer homology to the normal divisions of 
this group than is to be found in the extensors. 

SUPERFICIAL GROUP 

First layer 
Jf . Flexor carpi radialis (figs. 7 and 8, F.CR.) 

Origin. By a broad fleshy head from the- upper part of the 
medial epicondyle of the hiunerus. 

Insertion. This muscle is fleshy in the upper half of the fore- 
arm and has a long thin tendon coiu-sing through the lower half 
to be inserted into the lower end of the radius and into the carpus. 

The position of this muscle is along the lateral border of the 
radius on its volar s\u*face, although it appears to be dorsal due 
to the rotation of the bone. 

From its attachments and position it can be quite safely 
identified as the flexor carpi radialis muscle. 
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IB. Flexor carpi vlnaris (figs. 7 and 8, F.C.U.) 

Origin. A broad, flat, fleshy origin from the front of the 
medial epicondyle of the hmnerus and from the surface of the 
bone in front of and below this. 

Insertion. This muscle is by far the largest of all those yet 
described in the forearm. It is fleshy to about two-thirds the 
distance down the radius where it narrows into a heavy tendon 
which inserts at the lower end of the radius and into the carpus. 

Second layer 
S. Flexor digitorum sublimis (superficial portion) (fig. 8, F.D.S.) 

Origin. Under the origin of the flexor carpi radialis as a 
thin flat fleshy muscle which courses obliquely to join one of the 
deep muscles arising on the radius, which will be described 
later. 

This I would homologise with the flexor digitorum sublimis 
due to its position as the second layer of muscles from the 
medial humeral epicondyle. There is a possibility of this 
muscle being the humeral portion of the pronator radii teres. 
Against this latter view, are the facts that the muscle is entirely 
covered by the two carpal flexors, and that it is not inserted 
into the shaft of the radius but joins a muscle arising here to be 
inserted into the carpus. 

DEEP MUSCLES 

Third layer 
4. Flexor digitorum profundus (figs. 7 and 8, F.D.P.) 

Origin. A thick fleshy muscle arising from the lower two-thirds 
of the volar aspect of the radius on its lateral (apparently dorsal) 
portion. 

Insertion. This muscle passes as a compact fleshy bundle 
as far as the metacarpal region where it condenses into its ten- 
don which is single and runs on the volar aspect of the single digit 
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to be inserted into the terminal phalanx. In its course it passes 
under the digital portion of the median nerve which divides on 
the digit, allowing the tendon to pass out imder it in a manner 
similar to that usually shown by the tendons of the flexor digi- 
torum sublimis muscle. 

The flexor pollicis longus muscle is apparently entirely absent 
or much more probably its muscle mass is indistingmshably 
fused with that of the flexor digitorum profimdus, since the 
primitive condition of the deep flexors is a single muscle mass 
giving tendons to the thumb and other digits. Man is one of 
the very few mammals possessing a flexor pollicis longus muscle 
and McMurrich ('03) has shown that in the other mammals its 
absence is not due to a lack of the muscle but to the fact that it 
has not differentiated out from the common deep flexor mass 
to the digits. It is thus present as the most radial portion of 
the flexor digitorum profimdus in these forms. 

6. Flexor digitorum sublimis (Deep origin) (fig. 8, F.D.S.) 

Origin. From middle third of volar aspect of radius just 
medial (apparently ventral) to flexor digitorum profundus. 

Joining the proximal part of this muscle is the superficial origin 
described above. ' 

Insertion. The common mass so formed passes into a slender 
tendon inserted at the lower end of the radius and beginning 
of the carpus. 

The reason of the failure of the tendon of t\ds muscle to 
reach the digit I think must be sought in the failure of the palmar 
aponeurosis to which it is attached, to differentiate into a tendon. 
McMiurich ('03) has shown that primitively the sublimis muscle 
ends at the wrist inserting into the palmar aponeurosis. Muscles 
developed in this aponeurosis later fuse end to end with the 
flexor sublimis thus producing its tendons in the mammalia. 
The palmar structures included in the subUmis have evidently 
failed to form here, leaving the sublimis to end at the wrist. 
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6. Flexor Digitorum Profundus {detached portion) (fig. 8, F. D.P.) 

Origin. From the neck of the radias and the shaft of the 
bone near this on the medial (apparently ventral) border. 

Insertion. This muscle is long and slender. As it is followed 
distally into its tendons it divides into a superficial and deep 
layer which insert separately. The superficial tendon passes 
down to the lower end of the radius and to the carpus. The 
short deeper tendon ends almost immediately on the shaft of 
the radius a short distance above the lower extremity, and is 
fused with the short deeper tendon of the extensor carpi ulnaris 
already described. 

This muscle I interpret as the ulnar part of the flexor digi- 
torum profimdus, which has differentiated during the muscle 
development of the limb and become attached to the nearest 
part of the radius. The flexor digitorum sublimis by the exten^ 
sion of its deep, radial origin, comes between it and the radial 
portion of the profundus layer and so may have prevented their 
fusion. On the contrary if fthe lack of fusion was primary 
this would allow of the sublimis layer becoming attached down 
the radius between the two parts of the profundus. There 
is no possibility of this being the flexor pollicis longus as it lies 
medial and not lateral to the rest of the flexor digitorum 
profundus. 

Fourth layer 

7. Pronator quadratus 

A thin film 'of transversely disposed muscle fibers Ijdng over 
the lower end of the radius represents the pronator quadratus 
muscle. It is very poorly developed and small in extent. 
» 

It is to be noted that by means of the muscle in the forearm volun- 
tary flexion of the digit is possible but voluntary and active exten- 
sion is impossible, as all extensors fail to reach the finger. A singu- 
lar and interesting parallel to this case is found in a case cited by 
Schultze C04). In a training school he observed a nineteen 
year old lad who had only one digit on each of all four limbs. 
Voluntary flexion of these digits was easily accomplished but he 
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had no power of extension. The probable explanation is that 
there was a condition such as present in the case I have dis- 
sected. The fact that in both these cases the flexors are evir 
dently better developed than the extensors is significant and 
seems to point to certain definite conditions in the muscles 
being associated with the deformity. 

MUSCLES. OF THE HAND (figs. 7 and 8, L.) 

Only one muscle is present here. It is a lumbrical, arising in 
the metacarpal region from the lateral side of the flexor digi- 
torum profimdus as this latter muscle passes into its tendon. 
The lumbrical passes in a spiral direction distally and laterally 
on to the dorsal surface of the digit where it inserts into the 
dense fibrous tissue over the phalanges. 

NERVES OF THE LEFT ARM 

The whole brachial plexus was dissected out as shown in 
figure 8 and conformed in all its arrangement and branches to 
the typical formation. Therefore it is only necessary to describe 
the course and distribution of its main terminal branches. 

From the posterior cord 

1: Axillary nerve. Normal course and distribution to skin, 
deltoid and teres minor muscle, and to shoulder joint (figs. 8 and 
10, A. N). 

2. Radial nerve. Runs ventral to the latissimus dorsi tendon, 
then winds behind the humerus (figs. 8 and 10, /J. iV) in the 
musculospiral groove, here giving branches to the three heads 
of the triceps muscle, and then enters the space between the 
triceps and postaxial portion of the brachialis muscle, where it 
supplies this part of the brachialis and gives off the dorsal anti- 
brachial cutaneous nerve. 

A short distance further on the nerve divides into 

a. The superficial radial (figs. 9 and 10, S. R. N) which runs a 
cutaneous course on the lateral side of the whole length of the 
forearm and hand. 
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6. The deep radial nerve, which lies under the three super- 
ficial extensor muscles (fig. 10) and on the surface of the supi- 
nator which is covered in by the others. The nerve supplies all 
these muscles. 

From the lateral cord 

5. Musctdocutaneous nerve. Supplies the coracobrachialis mus- 
cle and penetrates it (fig. 8, Mc, N.) between its upper and 
middle portions to pass between the biceps and the preaxial por- 
tion of the brachialisi supplying both the latter muscles and 
ending cutaneously in the forearm. 

4. Outer head of the median nerve. The median nerve is 
described imder the inner cord. 

From the inner cord 

6. Inner head of the median nerve. Unites with the lateral 
head over the axillary artery. 

The median nerve (fig. 8, Af. iV. ) courses ventral and medial 
to the axillary and brachial arteries in the groove medial to 
the biceps muscle. It enters the forearm deep to the flexor 
carpi radialis and superficial head of the flexor digitorum sub- 
limis, and in front of the biceps tendon and is accompanied by 
the medial vena comes of the brachial artery, while the artery 
and the lateral vein lie imder the two biceps tendons. As it 
passes the elbow, it gives branches to the flexor carpi radialis, 
flexor digitorum sublimis and flexor carpi ulnaris and then 
divides into a superficial and a deep branch. 

The deep branch evidently is the volar interosseous nerve of 
the normal arm, and it supplies the three deep muscles arising 
on the shaft of the radius. 

The superficial branch of the median nerve (figs. 7 and 8, 
M. N.) comes immediately from under cover of the flexor carpi 
radialis and courses subcutaneously down the ventral' surface of 
the lower two-thirds of the forearm and over the carpus. In the 
distal third of the forearm it gives off a large cutaneous branch 
on the medial side. 
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At the carpus a strong cutaneous branch is given off on each 
side and on the lateral side also a muscular twig to the lumbrical 
muscle. The rest of the nerve runs on the ventral surface of 
the single digit,' finally forking to each side of the digit about the 
level of the second phalanx to let the underljdng flexor digi- 
torum profimdus tendon pass through it. This nerve was at 
first mistaken for the tendon of the flexor digitorum sublimis 
muscle, so typical in appearance was it to this latter structure, 
when only its coiirse in the forearm and hand was uncovered. 

6. Ulnar nerve. Runs down the arm under the deep fascia 
(figs. 7 and 8, U. N.) in company with the basilic vein, pierces 
the deep fascia a little above the elbow, and divides into two 
branches, a volar and a dorsal, both running subcutaneously 
on the medial border of the forearm. 

No muscular branches whatever were foimd on this nerve, its 
whole distribution being as a sensory nerve to the forearm. 

All other nerves of the brachial plexus which are not specially 
described here are normal in their extent and distribution. 

VESSELS OF THE ARM 

The vessels of the arm were not dissected above the axilla as 
it did not seem that any noteworthy changes from the normal 
would be likely to occur. No injection was employed as it was 
feared that if a vessel wall ruptured structures around the break 
might be so stained as to obscure valuable results. Small ves- 
sels were thus hard to follow, and arteries to the hand could not 
be identified. 

ARTERIES (figs. 8 and 10) 

The axillary artery and all its branches were normal in extent 
and position. 

The brachial artery lay in the groove medial to the biceps 
muscle, with the median nerve on its medial side throughout 
its coTirse, so that there is no crossing of nerve and artery. 

The brachial artery gave origin to numerous muscular branches 
and also to three larger branches, the profunda brachii, coursing 
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with the radial nerve through the musculospiral groove, and the 
superior and the inferior ulnar collaterals, running medially 
alongside the ulnar nerve. 

At the elbow the brachial artery (fig. 8) took the astonishing 
course of passing behind both the biceps tendons and lying on 
the surface of the brachialis muscle. Just beyond this point the 
artery bifurcated into two branches which passed down the arm, 
one on each side of the flexor digitorum sublimis. The lateral 
branch, the radial artery, lay under the flexor carpi radialis 
muscle, while the medial, the tUnar artery lay under the flexor 
carpi ulnaris. Both arteries became lost in the dissection before 
the wrist and hand were reached. 

VEINS 

Superficial veins (figs. 7 and 9) 

The cephalic vein (C V.) is present here, starting in the hand 
and running on the lateral (apparently dorsal) border of the 
dorsal surface of the forearm, across the skin web at the elbow, 
up the lateral side of the arm, dividing into two channels. These 
turn ventrally below the insertion of the deltoid, reuniting here, 
then pass between the deltoid and pectoralis major muscles to 
terminate deeply in the thoracoacromial vein. 

The basilic vein (B, V,) starts also at the wrist, and runs up 
on the medial border of the dorsal surface, turning medially to 
the ventral surface just above the medial epicondyle of the 
humerus. Here it passes under the deep fascia of the arm, run- 
ning in the groove medial to the biceps as far up as the axilla 
where it unites with the common trunk formed by the union of 
the brachial venae comites to form the axillary vein. 

Across the bdck of the elbow a large vein connects the basilic 
and cephalic veins transversely. 

The median vein (Af . V.) courses up the middle of the ventral 
surface of the forearm as far as the bend of the elbow where it 
divides into two large branches, the median basilic and median 
cephalic. 
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The median cephalic (Af . C, V.) runs vertically upward on the 
ventral surface of the postaxial part of the brachialis, receiving 
as it goes the deep cubital vein from the cubital fossa. The 
median cephalic joins the lower half of the cephalic and the com- 
mon trunk joins the upper half of the cephalic. 
^ The median basilic runs (M. B, V.) back over the njedial epi- 
condyle of the humerus then turns up to join the basilic. It is 
double in most of its course. 

Deep veins {fig. 8) 

The radia and ulnar veins coursing alongside the correspond- 
ing arteries unite to form the vena comes lying medial to the 
brachial artery, and passing behind the biceps tendons. 

Another vein runs back alongside the median nerve in front 
of the biceps tendons and half way from the elbow to the axilla 
the brachial vein leaves the side of the artery, crosses in front of 
the median nerve, and imites with the vein accompanying the 
nerve. This common trunk ascends to the axilla and unites 
with the basilic to form the axillary. 

The axillary vein lies medial and deep to the ulnar nerve and 
medial cord of the brachial plexus and receives the usual normal 
tributaries. 

EMBRYOLOGICAL AND GENERAL CONSIDERATIONS 

The first questions that naturally arise in connection with 
this case are as to the causative agent and time of production of 
the monstrous condition here exhibited. There are several dif- 
ferent possibilities to be considered and as the time and the cause 
are closely related they will be taken up together. 

This deformity may be hereditary and so transmitted in the 
germ cells. In the case referred to previously, which was de- 
scribed by Schultze C04), there was only one digit on each hand 
and foot and this same identical condition was found in the 
mother and the mother's father, while a brother had mono- 
dactylous hands, and other deformities of the feet. It is a well 
known fact that monstrosities affecting the limbs show more 
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tendency to be hereditary than many other kinds. Adami ('08) 
gives certain good examples of hereditary transmission of such 
deformities. There is, however, in the case studied here no 
evidence that heredity plays any part in the production of the 
abnormality and the cause must be sought for elsewhere. 

Against is possible for a monstrosity to be produced by defi- 
ciency in either germ cell, which will produce a deficient ferti- 
hzed ovmn. A normal fertilized ovum may also be injured and 
Conklin ('05) has shown that even in the ovum there is a differ- 
entiation and specific localization of organ forming substances, 
one of which could be damaged thus leading to the production 
of abnormal embryos and monstrosities. This has been done 
by many workers, only one or two of whom, such as Werber 
('15) and Stockard ('09-10) need be mentioned. In this case, 
however, damage to either of the germ cells and also to the 
fertilized ovum is improbable as there is no history of either of 
the parents suffering from venereal disease, alcoholism or drug 
habits and neither of them work in noxious surroimdings where 
poisoning would be possible with lead, arsenic, phosphorus or 
other agents. 

The period of the production of this deformity is thus excluded 
from the germinal stage and must be either in the embryonic or 
foetal stages. The foetal stage also can be excluded, for as 
pointed out by Ballantyne ('04) in Ids excellent book on antena- 
tal pathology, foetal physiology is, if not identical, at least simi- 
lar and parallel to that of the individual after birth, and thus, 
foetal pathology is mainly concerned with disease and disordered 
metabolism. On the other hand the embryonic period is a 
period whose physiology is not that of functional activity of 
organs, but of organ formation and differentiation. Pathologi- 
cal conditions in the embryonic period, therefore, lead to mal- 
formations and so if severe to the production of monsters. The 
deformity in thi^ case is thus limited in its production to a i>eriod 
between the first and seventh weeks of intra uterine Ufe. Dur- 
ing this period the limb buds appear and bones and muscles 
differentiate in them. 
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Schwalbe C06) has pointed out that there is a definite termi- 
nation period for the production of any deformity* Before the 
end of this period practically all deformities of that particular 
type must appear, and any produced later than this are to be 
regarded in the light of accidental occurrences injuring originally 
perfect parts and so simulating abnormalities produced as errors 
of development before this termination period. The termina- 
tion period in each case marks that special time in which organo- 
genesis ceases and functional activity begins in any particular 
organ or part and marks the limit in time beyond which a given 
deformity rarely if ever has its origin. This reckoning also 
places the latest period for the production of the limb deformity 
in this case at the seventh or eighth week, when the limb is fully 
differentiated and ossification in the limb skeleton begins. 

Mall (^08) after a critical study of oi^e hundred and sixty-three 
pathological embryos, has concluded that most monsters are 
produced by the faulty development of normal ova due to ex- 
ternal influences, usually a vice of nutrition due to faulty im- 
plantation which in turn is generally due to an abnormal condi- 
tion of the uterine mucosa. Such a condition for instance would 
be a mild, chronic endometritis which would not prevent the 
occiurence of a pregnancy but would be enough to cause faulty 
development; This might well be the cause here, as there is in 
this case a history of two miscarriages previous to the birth of 
this monster, without any apparent toxic agent or disease lead- 
ing to their production, thus giving presumptive evidence of an 
abnormal condition of the uterus, which would cause faulty 
implantation and eventual death and expulsion of the products 
of conception. 

Mall has estimated from statistics from various sources that 
in 100,000 pregnancies there are 80,572 normal births, 11,765 
abortions of normal embryos, 7048 abortions of abnormal em- 
bryos and early monsters, and 615 monsters born at term. In 
view of the great prevalence of uterine disorders, superadded to 
the unsuitable conditions in which many pregnancies occur, the 
pathological development of approximately 7.5 per cent does 
not appear imduly high. It will be noted that one monster is 
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bom at term in approximately every one hundred and thirty 
births. 

For a full discussion of the many teratological theories the 
reader is referred to Ballantyne's text book on antenatal pa- 
thology. It is sufficient to mention briefly any other likely causes 
of the present deformity. Maternal impressions still possess 
many firm believers, but I think as a cause their utter power- 
lessness in this case is clearly demonstrated. The impressions 
were received later in pregnancy, the deformity, as shown above, 
must have been established very early, so the relation of the two 
as cause and effect was absolutely impossible. (See page 387). 

Foetal diseases do not appear as a rational cause of this de- 
formed condition and neither do anmiotic diseases. Amniotic 
bands and adhesions have been ascribed almost imiversal tera- 
tological influences by devotees of this theory, and when they 
could not be demonstrated, their previous existence and later 
disappearance has been postulated. There is no cicatrix or 
other evidence of any band connected to the extremities here, 
and the symmetry of the defomuty argues against its produc- 
tion thus. The accompanying defects in the vertebral colunm 
are evidently not due to such bands. 

There is one cause in the production of monstrosities and of 
pathological embryos that it seems to me is perhaps a fruitful 
one and which I have not found mentioned by other authors. 
I refer to attempts in the production of criminal abortion, which 
as every physician knows, are so prevalent amongst the women 
of this age. These attempts ar6 not always inmiediately suc- 
cessful but sometimes the pregnancy is terminated by the death 
of the injured child at some later date and in some cases preg- 
nancy goes on to full term in spite of the injury. Is it not ex- 
tremely possible that in these instances where the child continues 
to live for some time after the attempt to destroy it, that it 
should exhibit some monstrous condition, especially when the 
attempt is made in the first two months? Both the use of 
mechanical means and of drugs would result in these pathological 
conditions, the instrument by direct injury to the child or to 
the amnion, the drugs by affecting the implantation in the 
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uterus^ and so being one cause of the condition to which Mall 
ascribes most pathological embryos. To show that attempts at 
abortion form a cause not to be neglected in this regard I quote 
from the Secretary of the Indiana State Board of Health, Dr. 
J. N. Hurty ('17) who says *'It has been estimated that about 
one-third of pregnancies end in induced abortions, that at least 
200,000 volitional abortions occur every year in the United 
States and that not less than 12,000 women die annually from 
the direct effects thereof." (This is quoted from another article 
as I regret I have been unable to obtain the joiumal with Dr. 
Hxirty's original article in it.) Surely the arguments I have 
used above are sound in view of such conditions as Hurty states 
to exist and attempted abortions which are not immediately 
successful ought to be ranked amongst the causes of pathological 
embryos and monstrosities. 

Some of the abnormal conditions found in this foetus can be 
correlated with interesting embryological stages of growth which 
it seems to me throw considerable light on what are otherwise 
obscure isolated facts. Statements as to normal skeletal and 
miiscular development are taken from the accounts by Bardeen 
and Lewis in Keibel and Mall's Human Embryology ('10). 

In the early development of the vertebra, as the scleroblas- 
tema becomes chondrified, this process in the bodies of the verte- 
brae is brought about by two centers, one on each side of the 
notochord. At first there is no fusion of these two centers of 
chondrification dorsally or ventrally around the notochord, as 
there is present in the mid line a membranous perichordal sep- 
tum (Keibel and Mall). Normally this septiun is soon broken 
through both dorsally and ventrally and the notochord is com- 
pletely surrounded by cartilage by about the fifth or sixth week. 

Ossification then occurs from a center which is usually single, 
but may divide or even arise paired. 

The early presence of the perichordal septimi appears signifi- 
cant in view of the fact that in this foetus are found two verte- 
brae with divided bodies, each half growing independently, and 
one-half growing less rapidly than normal. This septimi was 
present at the period of embryonic life when that vice of develop- 
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ment occurred which produced the monstrosity of the limbs. Is 
it not very probable that the chondrification process in these two 
abnormal vertebrae was hindered so that the perichordal sep- 
tum was not broken down, but remained intact, thus producing 
a vertebra with a divided body? 

Ossification as mentioned above tends to occiu* in the body 
from one center, which may be divided. Under such condi- 
tions, with the perichordal septum intact it is possible that more 
of the ossifying center should be in one half than the other, thus 
accounting for the unequal rate of growth in the two separated 
halves. 

There are some other points of interest in the vertebral col- 
umn. The lateral masses of the sacral vertebrae ossify as fol- 
lows: the first at the fifth month of intrauterine life, the second 
at the sixth month, the third at the seventh month, the fourth 
and fifth after birth about three months. In this foetus, the 
age was given as seven months and the third lateral mass center 
is just appearing, thus showing a normal rate of growth. 

The first coccygeal vertebra in this foetus has a center of ossi- 
fication in its body, while normally it appears in the first year 
after birth, so in this region there is an actual acceleration of 
ossification, in direct opposition to the retardation or suppression 
shown in the abnormal portions of the skeleton. 

The core of the limbs at the third week is filled with vascular 
mesenchyme which* at the fourth week becomes a scleroblas- 
temal condensation which then becomes successively chondrified 
and ossified. The primary failure of the digits and ulna of this 
foetus can thus be placed as far back at least as the fourth or 
fifth week of development, at the time when the diflferentiation 
of the skeletal parts should have occurred. This would corre- 
spond with the time of production of the defect in the abnormal 
vertebrae. These facts would seem to indicate that at this par- 
ticular period was exerted the strongest and most active influ- 
ence of the agent producing the deformities. 

Absence of the ulna is a much rarer cotidition in the forearm 
than absence of the radius. Kiimmel ('95) has collected a series 
of cases of defect in the bones of the forearm. Unfortunately 
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I could not secure the joirnial containing his original article but 
BaUantjme ('04) in his text book and Schenk ('07) in an article 
on a case of defect of the ulna agree in their accounts of Ktim- 
mel's cases which can be taken as correct. He found 80 in- 
stances of defect in the bones of the forearm of which 67 were 
of the radius, 13 of the ulna. In the case of the ulna it was 
defective in 5, totally absent in 8 instances. In some of these 
cases there was associated absence of the ulnar side of the carpus 
and one or more fingers on the ulnar side of the hand. 

The muscles of the limb definitely appear first proximally and 
differentiation proceeds distally. It might be expected that the 
muscles of the shoulder girdle and upper arm, being the first to 
appear after the skeletal deformities were produced, might show 
some anomalies. They do exhibit anomalies, but peculiarly 
not anomalies of defect, but of excess, such as superniunary 
heads and increased insertions. Of course, in the forearm and 
hand grave defects are associated with the loss of the skeletal 
structures. 

The question naturally arises as to whether the muscle 
anomalies are a consequence of the skeletal defects or were inde- 
pendently produced by the same vice of development or 'nutri- 
tion to which the absence of the bones is due. In this connec- 
tion it is to be noted that the suppression of muscles in the fore- 
arm is not confined to the ulnar border of the arm but affects 
also the radial side, so that more than mere absence of the skele- 
ton underlies the anomalies. This can be proved by the fact 
that muscle is independent and self-differentiating. Muscles 
develop independently of functional activity as shown here by 
the two humeral heads of the triceps, inserted also on the hu- 
merus, incapable of movement, yet well developed. Harrison 
('04) also proved that muscles develop independently of the 
nervous system, for he removed the spinal cord in early frog 
embryos, before the muscles had differentiated or received any 
nervous connection and yet the normal process of muscle de- 
velopment and grouping occurred. This power of self-differ- 
entiation goes right back to the ovum where Conklin ('05) has 
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demonstrated the presence of a myoplasm or muscle fonning 
substance. 

In the forearm the extensor and supmator group differentiate 
before the flexor and pronator set. As the muscle formation 
follows closely upon the definition of the skeleton, if the growth 
suppressing influence which acted on the skeleton lasted long 
enough to influence the muscles it is to be expected that the exten- 
sor group would exhibit the greatest amount of damage. Such 
is actually the case. Only four extensor muscles are present as 
against seven flexors and pronators plus one palmar muscle. 
Only one extensor muscle reaches as far as the lower end of the 
radius, nearly all the flexors reach that level. No extensor ten- 
don reaches the digit, a flexor tendon passes right out to the 
terminal phalanx, in addition to bearing a lumbrical muscle to 
the digit. It is to be noted that in the members of the extensor 
group here present the muscle masses are of about normal pro- 
portion, covering half of the length of the radius but in only one 
case is a long tendon developed, the other muscles inserting at 
once on the middle of the shaft of the radius. This failure of 
the long tendons to differentiate out after the appearance of 
these muscles is a further example of the greater suppression of 
growth in this region. Grafenberg ('11) describes the muscula- 
ture in a case of absence of the radius and the thumb. Here 
the radial musculature is present as a common mass high up in 
the forearm, possessing no tendons, and so appearing very much 
like the extensor muscles I have described. The other mascles 
both flexors and extensors, in Grafenberg's case are present and 
normal in extent. 

Regarding the muscle that I have called the conmion super- 
ficial extensor mass, as separation into separate portions begins 
at the carpus after the appearance of the tendons, it is not pos- 
sible here to have such a division into its component muscles, 
because its tendon is entirely absent. 

Absence of the thumb is not enough to cause disappearance of 
the abductor pollicis longus and extensor pollicis brevis, the 
radial members of the deep extensors, for there is still oppor- 
tunity for the muscles to develop over the radius. The triceps 
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did not fail when the ulna disappeared. The same is true of 
the ulnar members of this group, the extensor pollicis longus, 
and extensor indicis proprius. All this group have been obhter- 
ated by a specific suppressing agent during myogenesis. 

In the flexor muscles it seems strange that the pronator teres 
is not present when so many of the other muscles are. Its com- 
plete absence has never been noted as an anomaly although its 
coronoid head has often been lacking. In lower vertebrates this 
muscle is a part of a common muscular layer known as the pro- 
natoflexor mass. In this foetus it may be present in the super- 
ficial layer, included with the mass of the flexor carpi radialis, 
having failed to obtain an insertion at the usual level on the 
radius. 

It is interesting to note that in this foetus a definite tendency 
in one direction is shown by all muscles, which are properly 
developed and which show anomalies. This tendency, for in- 
stance is shown by all the muscles on the front of the upper arm 
and is a regression or atavistic change, the anomalies resembUng 
normal muscles of the lower animals. Changes due wholly to 
loss of normal skeletal parts lead to anomalous attachments 
which of course cannot be properly included in this class as they 
are in the nature of monstrosities. 

The question naturally arises as to what single digit it is that 
has persisted in this hand, and also what carpal bones are present. 

It may be taken as a plausible working hypothesis that with 
loss of the ulna would be associated loss of the ulnar side of the 
carpus, with the fourth and fifth digits. 

This hypothesis is supported by the fact that the main cu- 
taneous digital nerves ventrally are two strong branches from 
the median while dorsally the radial reaches the base of the 
digit. The ulnar nerve has no digital distribution, and as it 
normally goes to the fourth and fifth digits while the median and 
radial supply the other three, the digit here present certainly 
ought to be one of the three on the radial side of the hand. 

This would leave three digits still to decide between. This 
number can be further reduced to two as the thumb is certainly 
absent, for the persistent digit has a metacarpal and three pha- 
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langes, and a lumbrical muscle is also found attached to it. The 
median nerve normally supplies the liunbrical muscle to the 
second and third digits, the ulnar those to the fourth and fifth. 
The single liunbrical here present is suppUed by the median, a 
fiu-ther proof that the digit is the second or third. 

The digit is thus either the index or middle finger, but to 
decide upon which of these two it is, is much more difficult as 
there is nothing in the disposition of the muscles to help solve 
the problem. The distribution of the cutaneous branches of 
the median nerve seem to offer the only key to the solution. In 
text figures C and D is given side by side the cutaneous distri- 
bution of the median nerve in this foetus and in the normal 
hand. As the cutaneous distribution of the median is wholly 
digital it is assumed that branches found from the trunk of the 
median running into the hand were intended for those digits 
which did not appear. By checking these off against the 
branches in the normal hand it is found that the digit here pres- 
ent ought to be the index finger. 

There is a palmar cutaneous branch from the median arising 
in the lower half of the forearm and ending in the palm. It is 
not to be mistaken here for one of the digital nerves, these latter 
arising in the palm. There are three such nerves, only the 
middle one passing out on the digit, where it forks to supply 
each border, while the flexor profundus tendon passes on under 
it. The other two nerves end at the base of the digit on its 
medial and lateral borders. To save a long description the 
reader is referred to the figure explaining the distribution of 
these nerves. Here at a glance it can be seen that the part of 
the nerve found on the digit in this foetus, is the portion to the 
index finger from the first and second common volar digital 
branches. From this distribution it seems fairly definite that 
the sole remaining digit on this hand is the index finger. 

On the arm which was not dissected it will be remembered 
that in addition to the single finger carried at the end of the 
limb there was a well developed digit found on the medial side 
of the elbow. Radiographs showed this to contain a metacarpal 
and three phalanges. Of course, this digit can be logically as- 
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Slimed to be one of the ulnar members which has differentiated 
in spite of the total suppression of the ulna and part of the car- 
pus. Its appearance at the elbow and not the carpal region 
lends color to the view that the ulnar anlage of the limb skele- 
ton never appeared at all even in the early mesenchyme, so that 
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Text fig. C Outline of the cutaneous distribution of the median nerve in the 
normal human hand. 

Text fig. D Outline of the cutaneous distribution of the median nerve in the 
left hand of this monodactylous foetus. 

The part of the nerve shown in solid black in the two figures, is reckoned as 
identical in the two hands, and is used to determine what single digit is present 
in the foetus. 



the primary reason for nonappearance of the ulna was not a 
lack of chondrification and ossification. 

There is another view in regard to this digit, and that is that 
the digit is really the representative of all five normal ones, 
being the result of development of the original undivided <;iigital 
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anlage in the earliest stage of the limb skeleton as the distal end 
of the condensed scleroblastemal core. 

In view of the facts already expounded it seems to me that 
this latter view is not likely to be correct. The ulnar nerve 
ought to have a digital cutaneous distribution if the ulnar fingers 
of the hand are represented in this common finger, but the ulnar 
does not pass out on the digit, thus supplying one argument 
against this hypothesis. 

The presence of one digit at the elbow joint on the right arm 
postulates the separation of one digital rudiment from the com- 
mon mass. If it separated then clearly the tendency to division 
of the skeleton of the hand into rays was present and it is just 
as tenable to suppose that the five-rayed condition of the hand 
was provided for, but growth suppressed in four, as it is to sup- 
pose all five rays of one hand and four in the other to be in- 
cluded in a common mass. 

The fingers here present, both in the hand and at the elbow, 
as will be seen from the table of measiu'ements, are normal in 
size for a single digit. The development of an undivided com- 
mon digital mass might be expected to produce a condition of 
macrodactyly, which is not found here. Considering all the 
facts, the view that the digit as found on the hand here repre- 
sents only one of the five of the normal hand seems to be the 
correct view in this case. 

What carpals are present is not capable of definite answer. 
There are only two present, a proximal one articulating with the 
radius and bearing beyond it a distal one which carries the digit. 
These two in their shape as previoasly described resemble the 
navicular and lesser multangular more than any of the other 
carpals. Their absolute identification, however, as these two, 
is hardly to be warranted from these facts alone.. If it be true 
that these are the two carpals present it adds another proof for 
the digit being the index finger as these two particular carpals 
are in the direct line of the radius and the second digit. 

In the mechanism of the production of the deformity in the 
limb several different conditions have to be considered. First, 
in the early limb bud the ulnar segments may not have been 
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carried out in the distal part of the evagination from the trunk 
of the body, being drawn out later only in the proximal part of 
the limb, so that a complete upper arm is formed but only the 
radial half of the rest of the limb. Secondly, these segments 
may have been drawn out, the Umb bud being normal, but fiu:- 
ther differentiation not occurring, so that what is seen in the 
limb represents a fused radius and ulna in the forearm, fused 
carpals and digits in the hand. The argimients against the 
digit really representing all five have already been reviewed, 
and against the view of the ulna being included in the forearm 
is the absolutely typical shape and size of the radius, the dis- 
tribution of nerves and muscles, and the appearance on the 
right arm of a digit at the elbow, as if this point represented the 
distal end of the ulnar portion of the arm. Thirdly, the limb 
bud again may have been normal, without fusion of the radial 
and ulnar anlagen in the skeleton, only the radial half going. on 
with its development, the ulnar half failing entirely, except for 
the digit at the right elbow. The presence of this digit lends 
color to this third view. 

DIAPHRAGMATIC HERNIA 

After the rest of this paper was written, out of curiosity 
aroused by the flatness of the abdomen, I opened the body 
cavity to examine the viscera, and was siurprised to discover a 
diaphragmatic hernia with a large proportion of the abdominal 
viscera situated in the left pleural cavity. The right half of the 
diaphragm was intact and perfect, but the left half was almost 
entirely absent. The sternal and vertebral regions were present 
and joined in the central tendon, forming a free edge to the dia- 
phragm in the midsagittal plane. The left costal origin was 
indicated in front by a muscular ridge 2 to 3 mm. high following 
the costal margin as far back as the axillary line and the whole 
of the left half of the diaphragm except this narrow peripheral 
band was absent, leaving a wide open communication between 
the pleural and peritoneal cavities. The left mediastinal pleura 
passed over the medial free edge of the opening to become dia- 
phragmatic peritoneum under the right half of the diaphragm, 
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the costal pleura passed on down as parietal peritoneum on the 
abdominal wall. 

The hernia is thus of the variety known as hernia diaphrag- 
matica spuria. Cases of hernia diaphragmatica vera have a 
hernial sac formed of diaphragmatic peritoneum and pleura 
invaginated into the pleural sac, so that the abdominal viscera 
are not in reality in the pleural sac. In this case however, there 
is no hernial sac, but a complete hole through the diaphragm 
and its coverings. The genesis of this condition I would inter- 
pret as a persistence of the embryonic pleuroperitoneal passage, 
the original communication between the pleural and peritoneal 
cavities, which has not been shut off, due to the failure of the 
septum transversum to grow back on this side. The left side 
normally closes a little later than the right (Keibel and Mall, 
'10) and this may be one factor in the greater prevalence of 
hernias on the left side. 

This defect in the diaphragm must have had its origin during 
the development of the structure, and so occurred between the 
fourth and eighth weeks of intrauterine life, probably, on account 
of its size, in the first half of this period, say the fifth week, 
which synchronises exactly with the production of the defects 
in the limbs and vertebral column. 

The heart has been pushed over entirely to the right side by 
the other viscera, but apart from its position is quite normal. 
The left lung shows two lobes, but is extremely small and flat- 
tened against the mediastinal wall just above the heart. The 
abdominal viscera are all fairly normal in relation to each other 
and seem to have been rotated en masse up and over toward 
the right. The left lobe of the liver is thus vertical, and against 
the mediastinal wall. The oesophagus comes from behind the 
upper end of the heart into the stomach and the latter is vertical, 
the pylorus being in the abdomen. The duodenum lies over the 
vertebral column and the small intestine runs from it into the 
pleural cavity, successive coils being piled continuously above 
the previous loops up to the apex of the cavity, where the 
gut is reflected down medially. Opposite the lung occurs the 
junction with the caecum and appendix. The colon descends 
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as far as the duodenum, then turns suddenly back on itself and 
ascends in the great omentum against the stomach to its upper 
end, then turns sharply down on the body wall, loses its mesen- 
tery and runs on the wall to the brim of the pelvis, where it 
turns suddenly into a large loop extending up again as high as 
the liver before turning to come down into the rectum. 

Diaphragmatic hernia seems to be a fairly common condition 
as Ballantyne ('04) collected one hundred cases in the literature 
from 1888 to 1900. It is a peculiar coincidence, that in one of 
those cases, just as in this present one, there was also absence 
of the ulna. This is all the more interesting because Ballan- 
tyne states that associated malformations occur less frequently 
in conjunction with ulnar defects than with defects of other 
bones in the limbs. 

In bringing this study to a close I wish to very cordially thank 
Prof. J. Playfair McMurrich for providing the material for the 
work and also for his valuable, kindly criticism of this paper 
during its preparation. 

May 1st, 1917. 
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ABBREVIATIONS 



.4, supinator muscle 

A. A., axillary artery 

Ac, acromion process 

A.N., axillary nerve 

A.T.N.y lateral and medial anterior 

thoracic nerves 
A. v., axillary vein 
Bj bra/a}iioradialis muscle 
B.A., brachial artery 
Bi, biceps muscle 
Bt, brachialis muscle 
B.V., basilic vein 

C, coracobrachialis muscle 

C.EM,f common superficial extensor 

muscle mass 
Ch, chondroepitrochlearis muscle 
CI, clavicle 
Cu.V., cubital vein 
C.V., cephalic vein 

D, deltoid muscle 

Dx, cut edge of deltoid muscle 

E, lateral epicondyle of humerus 
E.C.U., extensor carpi ulnaris muscle 
F. C.R.J flexor carpi radialis muscle 
F.C.U., flexor carpi ulnaris muscle 
F.D.P., flexor digitorum profundus 

muscle 
F.D.S., flexor digitorum sublinris 

muscle 
Hj head of humerus 
H.R., head of radius 
/., medial epicondyle of humerus 
I.B.N., intercostobrachial nerve 
Inf., infraspinatus muscle 
L.J lumbrical muscle 
L.C., lateral cord of brachial plexus 
L.D., latissimus dorsi muscle 
L.S., levator scapulae muscle 
L.T.N. , lateral thoracic nerve 



M. A. C.N. J medial antibrachial cu- 
taneous nerve 

M.B.C.N., medial brachial outaneous 
nerve 

M .B.V.J median basilic vein 

M.C., medial cord of brachial plexus 
* Mc.N.j musculocutaneous nerve 

M.C.V., median cephalic vein 

M.N.J median nerve 

M.V.J median vein 

P. A., profunda brachii artery 

P.C., posterior cord of brachial plexus 

P. C.A.J posterior humeral circumflex 
artery 

P. Ma. J pectoralis major muscle 

P. Mi., pectoralis minor muftcle 

R.J rib 

Rhj rhomboid muscles 

R.N., radial nerve 

S.A.J serratus anterior muscle 

S.C.M., sternocleidomastoid muscle 

S.N., suprascapular nerve 

Sp.j spine of scapula 

S.P.I., serratus posterior inferior 
muscle 

Splj splenius cervicis et capitis muscle 

S.R.N., superficial radial nerve 

Sup, supraspinatus muscle 

Tij long head of triceps muscle 

Ti, lateral head of triceps muscle 

Tij medial head of triceps muscle 

T.Ma, teres major muscle 

T.Mi, teres minor muscle 

Tr, trapezius muscle 

TrXj cut edge of trapezius muscle 

U.N.J ulnar nerve 

X, depression in back over defective 
vertebrae 



PLATE 1 

EXPLANATION OF FIGURBS 

1 Deformed foetus seen from in front. 

2 Deformed foetus seen from left side. 

3 Left arm, viewed laterally, showing monodactyly and webbed elbow. 

4 Right arm, viewed ventromedially, showing monodactylous hand and extra 

digit located at elbow. 
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PLATE 2 

EXPLANATION OF BIQURES 

5 Radiograph of foetus from right side. Thirteen thoracic vertebrae and 
ribs are shown. 
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PLATE 3 

EXPLANATION OF FIGURES 

6 Radiograph of foetus from ventral surface to show thirteen thoracic verte- 
brae and ribs. Two defective vertebrae are seen in the thoracic region. 



434 



ANATOMY OF A MONODACTYLOUS FOETUS 

JAMES CRAWFORD WATT 



PLATE 3 



.^evs-l -i 



i^^tuhr^ I. 



divided . 



[Vertel&r-a 
Witk body 
divided. 




U^»t -«* 









435 



PLATE 4 

EXPLANATION OF FIGURES 

7 Superficial dissection of the ventral surface of the left arm. 

8 Deep dissection of the ventral surface of the left arm. 

9 Superficial dissection of the dorsal surface of the left arm. 
10 Deep dissection of the dorsal surface of the left arm. 
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ITOMY OF A MONODACTYLOUS FOETUS 
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SYMMETRICAL BILATERAL DYSTOPIA OF THE 
KIDNEYS, IN A HUMAN SUBJECT, WITH OUTWARD 
ROTATION OF THE HILUS, MULTIPLE ARTERIES 
AND VEINS, AND A PERSISTENT POSTERIOR CAR- 
DINAL VEIN 

JAMES CRAWFORD WATT 
Department of Anatomy, Univernty of Toronto 

TWO FIQX7RE8 

In the laboratory of the Department of Anatomy of the 
University of Toronto a very interesting series of associated 
anomalies relating to the kidneys and their vessels was discovered 
during the regular course of dissection. The specimen was at 
once put aside for investigation, and on further study has been 
considered worthy of a detailed description. 

The body was that of a well-proportioned but somewhat 
emaciated male, aged twenty-seven, who died of pulmonary 
tuberculosis. Apart from the abnormalities associated with 
the kidneys, no other gross anomalies were noticed in this subject. 

THE KIDNEYS ' 

Shape and size (fig. 2) 

The outline of the kidneys is that of a long, narrow oval. The 
ventral surface is quite convex, the dorsal surface flattened. Of 
the two poles, the lower is much thicker than the upper. A 
shallow groove winding spirally from the ventral surface laterally 
and caudally on to the dorsal surface forms the hilus, and notches 
the outer border where it crosses it. Except for the presence of 
the hilus, the surface is smooth, and shows no special lobulation. 
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192 JAMES CRAWFORD WATT 

was in contact with the vertebrae medially for two-thirds of 
its length. The lower pole, however, had the upper pole of the 
kidney inserted between it and the vertebral column. 

On the right side the kidney and suprarenal gland lay entirely 
below the level of the liver, which was thus allowed to come into 
contact with the diaphragm on its posterior surface. 

The upper pole of each kidney and the common renal vein 
from each side were under cover of the duodenum at the flexure 
of the latter at the lower end of the descending limb. 

The hilus (fig. 2) 

The position of the hilus is most interesting, and is quite sim- 
ilar on both sides. Starting above, about three centimeters 
below the upper pole, on the anterior surface, it runs obliquely 
caudad to cut the lateral border of the kidney, forming a notch 
on it about two thirds of the way down. It then curves from 
here on to the posterior surface, ending about two or three centi- 
meters from the lower end of the kidney. 

The hilus is thus placed on the opposite border to the normal 
and forms a spiral with gradually increasing rotation about the 
polar axis as it proceeds caudad. 

VESSELS 
Arteries (Jigs. 1 and 2) 

The renal arteries and also the spermatic arteries of both right 
left sides are multiple. 

Right side. The right renal arteries are five in number. The 
first comes off the abdominal aorta at the level of the second lum- 
bar vertebra and goes behind the inferior vena cava to the upper 
end of the hilus on the anterior surface of the kidney. The 
second renal artery also goes to this surface, coming frcmi the 
aorta at the level of the third lumbar vertebra and running in 
front of the vena cava. 

Off the right common iliac artery come the third renal artery, 
a very small one, the fourth, quite large and dividing early into 
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two, and the fifth, a small artery again. These three arteries 
miming in close company pass behmd the lower pole of the kid- 
ney and enter the lowermost part of the hilus on the posterior 
surface. 

The right spermatic arteries are two in number. The higher 
one arises from the aorta between the first and second renals, 
and nms posterior to the inferior vena cava and both renal veins, 
but anterior to the upper pole of the kidney. The lower artery 
arises from the second renal, goes posterior to the inner renal 
vein, anterior to the outer vein, and ante^or to the kidney. At 
the lateral border of the kidney the two spermatic arteries and * 
the vein form a common bundle running in contact with this 
border and the ureter in the iliac fossa, and then turning over the 
psoas muscle to the internal abdominal ring. 

Left side. There are four left renal arteries. The first is off 
the aorta at the upper limit of the second lumbar vertebra and 
nms down anterior to the upper pole of the kidney. The second 
artery is from the aorta, over the second Imnbar vertebra, level 
with the highest artery on the right. It is also to the hilus on 
the upper part of the anterior surface of the kidney. 

The third left renal artery is off the left common iliac, and is 
peculiar in that it runs across the upper part of the iliac fossa 
behind the kidney, to pass into the hilus just where it cuts across 
the lateral border. 

The fourth artery is off the internal iliac, or hypogastric artery, 
just at its commencement, and runs anterior to the external 
iliac artery and psoas major muscle and penetrates the kidney 
on its medial border just near the lower pole. 

On this side there are three spermatic arteries, the highest 
coming off a suprarenal branch of the first renal, the other two 
directly off the first renal. All three arteries and the spermatic 
vein form a common bundle coursing anteriorly along the lateral 
border of the kidney, then lateral to the ureter in the iliac fossa 
and down to the inguinal canal. 
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Veins (figs. 1 and 2) 

Right side. There are two renal veins, both coming from the 
upper part of the hilus oyer the anterior surface of the kidney, 
and uniting at the level of the upper pole of the organ into a com- 
mon vein which is about three-quarters of an inch in length and 
empties directly into the inferior vena cava. 

The right spermatic vein, a single vessel, opened into the lat- 
eral of the two renal veins. 

Left side. On this side are three renal veins. Two are quite 
. similar to those on the right, arising from the anterior surface of 
the kidney on the upper part of the hilus and uniting into a com- 
mon stem which crosses anterior to the aorta and empties into 
the inferior vena cava. 

Just at the junction of the above two veins, there comes into 
the medial one, a longitudinal vein which lies over the front edge 
of the psoas muscle, on the vertebral colunm, in the interval 
between the aorta and the left kidney. This stem starts at the 
level of the fifth lumbar vertebra, and commimicates with the 
left common iliac vein below. As it ascends it receives as tribu- 
taries four lumbar veins, one of which is double, and also a renal 
vein. This renal vein comes from the hilus where the latter 
cuts the outer border of the kidney, and runs medially posterior 
to the kidney, alongside of the third renal artery, and ends in 
this ascending vein. This longitudinal stem is interpreted as a 
persisting portion of the embryonic posterior cardinal vein of the 
left side, which lies exactly in the position occupied by this 
present vein. 

The left spermatic vein, single in spite of the presence of three 
Arteries, empties at the jimction point of the two large upper 
renal veins into the common trunk. 

Ureter (figs. 1 and S) 

The position and relations of the ureter are remarkably sym- 
metrical on the two sides. 

At its pelvis, each ureter is divided into two parts. One is 
A long, narrow, tubular portion which lies in the upper part of 
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the hilus, on the anterior surface of the kidney. The other is 
a broad, short, funnel-shaped portion communicating with the 
kidney in the hilus just before the latter cuts round the outer 
border of the organ. 

The two parts unite at the lateral border of the kidney, which 
the ureter now follows to the lower pole, where it then crosses 
the iliac fossa, turns medially over the psoas muscle and external 
iliac artery into the pelvis, where its course into the bladder is 
normal. 

The highest artery and the lateral vein accompany the upper 
branch of the ureter as it enters the kidney, the vessels lying 
behind. The other vessels enter the kidney mostly behind the 
lower branch of the ureter. 

SIMILAR CASES 

Multiple renal arteries and veins in all the locations found in 
this case have been previously described and discussed by various 
authors, and so call for no special consideration. Tonkoff C03), 
for instance, describes and gives a figure of a right kidney shghtly 
displaced downw^ard and with an arrangment of its four renal 
arteries almost identical with those of the left kidney in this case. 

Macalister ('83) and Morris ('85) both state that abnormal 
vessels occur in three individuals out of ev6ry seven. 

The occurrence of a vena cardinalis posterior along with renal 
anomahes has been noted before. Melissinos ('11) found a 
case of pelvic kidney with a persistent right cardinal vein, and 
gives reference to a few other instances. 

The presence of the rotation seen in tjiese kidneys, on the 
<;ontrary, is evidently quite a rare condition. Among the anom- 
alies of position of the hilus, the particular one exhibited here 
is not even mentioned in the text-books on pathology or surgery. 
It is self-evident that such a position would be of great interest, 
especially to the surgeon. 

Gerard ('05), in a review of 527 cases, states that the renal 
hilus, instead of lying medially, may be superior, inferior, ventral, 
or dorsal, but does not mention any instance of a lateral position. 
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MtiUerheim ('02) describes a case where the left kidney was 
found in the pelvis, with its hilus not medial, but anterior, and 
he states that one of the characteristics of dystopia of the kidney 
is that the hilus is usually anterior in position. 

Morris C04), in a summary of displacements, states that the 
kidney may be rotated so that the hUus looks upward, outward, 
directly forward or backward, and mentions one case of the hilus 
occurring laterally. This case was described by Farquharson 
('94) as a left kidney placed in the pelvis with hilus looking to the 
left. 

Brown ('94) also describes a right pelvic kidney which had 
rotated till its posterior surface had become anterior and the 
hilus looked posteriorly to the right. Johnson ('14) described a 
case in the cat exactly similar to that of Brown's and Anitschkow 
('12) describes and gives a figure of a left kidney in man displaced 
slightly back in the Imnbar region and with a hilus which he 
describes as anterior, but which, in the illustration, appears to 
course aroimd the lateral border, as there is a marked indentation 
shown there. 

McMurrich ('98), considering a series of crossed dystopia of 
the kidneys with fusion, pointed out that in nearly all cases the 
position of the hilus was anterior. 

This retention of an anterior position of the hilus in displace- 
ments and in fusions of the kidneys is the retention of the normal 
embryological position. Pohlman ('05) noted that until the 
kidney had ascended in the embryo to where it was approxi- 
mately in the adult position, the hilus was ventral, and then a 
rotation medially of 90*" occurred about the polar axis. Felix 
('12) also states that this rotation occurs, but that a reverse 
rotation toward the ventral surface also occurs later, so that the 
hilus is finally ventromedial. 

The kidneys in the present case have not reached the usual 
final level and so might be expected to have retained the hilus 
anteriorly. This is true of the upper part, but the lower portion 
exhibits the rare outward rotation through 90° to bring it laterally, 
and the lowest part goes even further than this to lie posteriorly. 
There is thus considerable torsion in the kidney, the hilus forming 
quite a spiral in its course. 
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The fact that the ureter lies ventral to the mam renal vessds 
at the hilns at first sight appears as an anomaly. It will be seen, 
however, that if the hiliis were to be rotated into its usual position 
the ureter would then lie posterior to the vessels. Thus at their 
entrance into the kidney these structures stand in their nornial 
relations to each other, but the rotation makes them appear 
reversed. 

The position of the suprarenal glands is interesting, McMur- 
rich, Morris, Miillerheim, and others have all stated that tl^ 
relation of these glands to the kidneys is merely topographic^ 
and that they are found in their usual places in cases where the 
kidneys are displaced. In this instance, however, they lie closely 
cs^ping the upper pole of each kidney, and so are displaced some- 
what caudally from their normal location. 

What was the actual cause of all the anomalies shown above is 
open to conjecture. It must have been a force acting in early 
embryonic life. The displacement into the iliac fossa was prob- 
ably due to lack of growth in the ureter and the torsion due to a 
twisting of the pelvis of the ureter. It is of interest to note 
that Felix ('12) states that in the lumbar region the ureter shows 
a dilatation accompanied by a spiral twisting. An exaggeration 
of this process might possibly account for the result shown here. 
Whatever the cause may have been, the result is most remarkable 
for instead of a symmetrical displacement of the whole organ, 
we have here the upper pole with the upper end of the hilus facing 
still in the old embryological position, while proceeding caudad 
there is an ever-increasing torsion evident, until finally at the 
lower end the hilus shows a displacement of 180° brought about 
by lateral rotation. 

The position of the kidneys in the lower lumbar region and 
iliac fossa seems to be a much rarer condition than the position 
within the pelvis, as by far the greatest majority of cases of 
dystopia without fusion are reported as being in the pelvis. 

The symmetrical degree of dystopia shown by these two kid- 
neys seems to be almost as rare a condition as the lateral hilus. 
In all the cases quoted above and in many others not mentioned 
here, if the two kidneys are not fused to form the discoidal or the 
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horseshoe kidney, either there is a much greater degree of dystopia 
on one side than on the other or else only one kidney shows dis- 
placement, the other being in its normal position. Thus the 
kidneys in this instance are unique in several respects and have 
therefore seemed well worthy of description. 
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THE TERMINALS OF THE HUMAN BRONCHIOLE 

HERBERT G. WILLSON 
University of Toronto 

NIKE FIOTTBES 

In the hope of throwing some light on certain questions about 
which there has been controversy, the construction of a wax 
model of a respiratory bronchiole was begun at the University 
of Toronto in October, 1919. The work was carried out in 
collaboration with Prof. J, Playfair McMurrich, by whom the 
problem had been suggested and to whom the writer is very 
greatly indebted for advice and assistance. 

The extreme complexity of the terminal branches of the bron- 
chial tree is not generally appreciated. The maze of channels 
which occur even in a minute piece of lung tissue cannot be 
visualized accurately from a mere comparison of serial sections. 
The larger passages of the lung may be injected with wax or 
metal and a cast obtained by corroding away the lung tissue, 
but one cannot be certain of obtaining in this way a complete 
cast of the smaller tubes. The method of wax reconstruction 
of serial sections is the only plan by which one may hope to get 
clear ideas regarding the finer tubes, and even this method is 
especially difl&cult to apply to the bronchioles. So complicated 
are the branchings and so carefully has nature economized space 
in the lung, that if all the air passages in a piece of lung tissue 
are reconstructed in wax on a magnified scale, the result is prac- 
tically a solid, and the model has to be dissected in order to show 
the relationships of tubes and air-cells. 

Malpighi in 1661 demonstrated the vesicular nature of lung 
tissue and showed how the trachea terminates in bronchial fila- 
ments, but after his time there was no important contribution 
to the knowledge of the histology of the lung until the early part 
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of the nineteenth century, when Soemmering, Rossignol, Reis- 
seisen, and others published the results of their researches, and 
Henle, by his discoveries in general histology, laid the foimda- 
tion for many special investigations. Controversy now arose 
in regard to such questions as the exact shape of the terminal 
bronchioles, their method of branching, and as to whether or 
not there were direct conmiunications between alveoli. 

Rossignol, writing in 1847, refers to the most distal divisions 
of the bronchial tree as 'infundibula,' and these he describes as 
being thickly beset with alveoli. He notes that the alveoli of 
the infundibulum are of an unusually great depth, and that while 
the alveoli are scattered and few in the proximal part of the 
respiratory bronchiole, they are soon arranged close together, 
covering the whole surface of the last bronchial divisions. As 
to the method of branching, he concludes that there are both 
dichotomous and trichotomous divisions. In his investigations 
Rossignol inflated and dried the lung, after having injected the 
blood vessels. 

In 1860 Waters described monopodial, dichotomous and trichot- 
omous branching. His conclusions were based on the study of 
single sections. In man he found no alveoli in the terminal 
bronchiole, but only in the infundibulum. He states that at a 
certain place the terminal bronchiole widens into a cavity into 
which open six, eight, or ten canals, beset with alveoli. These 
canals he terms air-sacs, these being again identical with Rossig- 
nol's infundibula. 

F. E. Schulze in 1871 used the term 'Alveolengang' to denote 
all the parts of the tubular system on which there are alveoli, 
excepting, however, the terminal sacs, for which he employed 
the term infundibula. 

In 1892 W. S. Miller announced the discovery of a new ele- 
ment in the series of pulmonary air-spaces, terming it the 'atrium' 
and locating it between the air-sacs (infundibula) and the ter- 
minal bronchiole (alveolengang). This space seems to be identi- 
cal with the enlargement of the terminal bronchiole described 
by Waters as giving origin to the air-sacs, but MiUer describes 
it as something more than a mere enlargement, having a more 
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or less spherical form with numerous alveoli on its walls and 
giving origin to from two to five air-sacs. The lung of the dog 
was used in Miller's first investigation; but in 1900 and again in 
1913 he published accounts of further researches, and maintained 
that his description held good for lung of cat, ox, child, and 
adult man. 

In his article of 1900 he gives the following table of nomencla- 
ture for the air-spaces of the lung: 



W. 8. lilUiBB 


B. K. ▲. 


0CHAFKB 


8CBULZX 


xOllikeb 


Bronchus 


Bronchiolus 
respiratorius 


Bronchial 
tube 


Alveolengang 


Alveolengang 


Terminal 


Ductuli 


Lobular 






bronchiole 


alveolares 


bronchus 






Atrium 










Air-sac 




Air-sac 


Infundibu- 
lum 


Infundibu* 
lum 


Air-cell 


Alveolus 
puknonis 


Air-cell 


Alveolus 


Alveolus 



But at the same time he revised his own earlier terminology, 
substituting the B. N. A. terms for 'Bronchus' and Terminal 
bronchiole.' In his investigations Miller used the method of 
wax reconstruction. His results have found wide acceptance 
by the authors of text-books, in spite of several dissenting voices. 

In 1900 Justesen gave an account of his investigations of the 
structure of the lung in oxen. He used corrosion preparations 
and also serial sections, drawings of which were made on trans- 
parent paper, so that by superposing the drawings, successive 
sections might be compared. He finds that each 'bronchiolus 
simplex' forms dichotomously two respiratory bronchioles, each 
of which again divides dichotomously, each of the branches so 
formed ending in a large cavity which he identifies with the 
atriiun of Miller. His atria are variable in size, sometimes quite 
distinct, and sometimes only slight enlargements of the bron- 
chioles, and while Miller finds two to five air-sacs on each atrium, 
and Waters six to ten, Justesen believes that there are normally 
four. Two first bud out and these then divide, so that each of 
the four occupies a position corresponding to one of the angles 
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at the base of a four-sided pjrrainid, the apical angle of which 
is occupied by the atrium. In other words, the air-sacs do not 
arise as accidental growths from the atria, but are formed by 
two successive dichotomies in planes at right angles. In the 
adult ox he found occasionally but three air-sacs on an atrium — 
a condition which he explains by supposing that in the case of 
the primary air-sacs the secondary dichotomy had failed owing 
to space exigency. 

Justesen holds that the bronchial branchings occur in a definite 
mathematical plan and are fundamentally dichotomies, but 
that in the majority of the branches the dichotomy becomes modi- 
fied into a sympodial arrangement, the terminal branches still 
retaining the dichotomous plan. If this be so, and the mathe- 
matical regularity of the dichotomies persist, the lateral branches 
of each sympodial stem might be expected to show a decreas- 
ing number of air-^acs as they were traced peripherally, one 
arising from an earfier dichotomy having twice as many air- 
sacs as that which arose from the succeeding dichotomy. Jus- 
tesen believed that he obtained evidence in favor of this arrange- 
ment in his observation on the pig where the eparterial 
bronchus gave rise to as many lateral branches as did the stem 
branches for the rest of the limg. 

F. E. Schulze, writing in 1906, takes the view that Miller's 
atria are not new spaces, but only those parts of the ductuli 
alveolares into which the sacculi open. He states: 

So wenig, wie man an einem sich unregelmassig verzweigenden Baum- 
ast diejenigen Stellen, wo sich ein Ast in zwei oder auch mehrere 
Endaste teilt, als besondere typische Stellen charakterisieren imd mit 
einem eigenen Namen, sondem einfach als Teilungsstellen zu bezeichnen 
pflegt, so wenig scheint mir in dem respiratorischen Gangsystem der 
Limge die Auszeichnung dieser Stellen durch eine besondere Benennung 
('AtriumO erforderlich oder auch nur zweckmassig zu sein. 

Schulze claims that normally in man and in many mammals 
there are direct communications between alveoli — 'alveolar 
pores' — ^and in this view he is supported by Hansemann, Has- 
sail, Zimmerman, Nicolas, and Merkel, but is opposed by 
Piersol, W. S. Miller, Laguesse, and Oppel. 
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In 1907 J. Miiller investigated the lungs of most of the domes- 
tic animals, using metal corrosions as well as sections. His 
conclusions regarding the occurrence of atria he states as follows: 

Hinsichtlich des neuen Luftraumes, des Atriums, war es mir nun 
weder an den Korrosionspraparaten noch an den Schnitten bei irgend 
einem unserer Hauss&ugetiere moglich, ihnalseinenLuftraum sui gene- 
ris bestatigen. Wenn auch da imd dort einmal ein Alveolengang vor 
seiner Auflosung in die Infundibula eine buchtige Erweiterung zeigte, 
welche etwa dem 'Atriunx' Justesens entsprechen kdmite, so habe ich 
doch niemals zwischen jedem Infundibulum und dem Alveolargang, 
noch auch zwischen mehreren Inf midibeln und einem solchen einen oder 
mehfere kugelige HoUraume eingeschaltet gesehen, welche ftlr das kon- 
stante Vorkommen der Millerschen Atrien sprechen k5nnten. 

Miiller foxmd alveolar pores in various animals, but not in 
young animals. He thinks these are pathological. 

Just as my first model was completed, I received the number 
of The American Journal of Anatomy that contained two arti- 
cles by the Japanese investigator Ogawa, who by an interesting 
coincidence had been working in the University of Kyoto at 
exactly the same problem as myself and by similar methods, 
but had evidently begun the construction of his model some 
months before I started with mine. Ogawa worked with human 
material, and constructed both a negative and a positive model 
of the terminal branchings of the lung, the former being at a 
magnification of 100 diameters and measuring 8 x 12 x 6 cm., 
while the latter was enlarged 80 diameters and measured 11.3 
X 24 X 20 cm. Like Schulze and Miiller, he reaches the con- 
clusion that ''Miller's atriimi is an unnecessary term, at least for 
the human lung." In his second paper he states that ''alveolar 
pores are normally found in many mammals, and only seldom 
cannot be seen." Further reference to Ogawa's work will be 
made when his results are compared with my own. 

MATERIAL 

The material used was exclusively human and consisted of 
portions of the lungs of two individuals obtained at autopsies 
performed soon after death. One of the individuals was a woman 
of thirty years who had died of heart disease (mitral stenosis). 
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while the other was a child whose age could not be definitely 
ascertained, but was certainly less than thirteen years. In the 
case of the adult, portions of suitable size were taken from the 
lungs and immersed in Bouin's fluid, but in the case of the child's 
lung the entire organ was first injected through the bronchus 
under gentle pressure with Bouin's fluid, and then immersed in 
the same fluid, portions suitable for sectioning being taken only 
after the tissue had been fixed in this manner. The portions 
selected were carried through the various grades of alcohol and 
imbedded in paraffin, and to secure satisfactory penetration 
of the paraffin they were, while in 70 per cent alcohol, placed 
under the bell-jar of an air-pump and the air exhausted till 
bubbles ceased to rise from the cut surface of the tissue. 

By this method a perfect infiltration of the paraffin was ob- 
tained, and the tissue was cut into serial sections, 20 n thick in 
the case of the adult lung and 30 n in that of the child. Both 
series were stained with Weigert's elastic tissue stain, this being 
chosen with the intention of studjdng later the distribution of the 
elastic fibers in the human lung. Wax reconstructions of the air 
spaces, i.e., negative reconstructions of portions of each lung 
were made at a magnification of 100. To ensure accuracy in the 
superposition of the wax plates in the model of the adult, numer- 
ous bridges were left in cutting out the air-spaces, but in the 
second model the necessary accuracy was obtained by the use of 
a duplicate series of drawings of the sections made upon trans- 
parent paper. A duplicate drawing of a section about the middle 
of the series was covered by a sheet of glass, and on this the pieces 
of wax representing the corresponding air-spaces were placed 
one after the other, as they were cut from the wax plate. The 
next succeeding drawing was then carefully oriented upon that 
first chosen, so that the position of the air-spaces shown in the 
one could be accurately determined with reference to those of the 
other, and from the information thus obtained the pieces of 
wax representing the air-spaces of the second section could be 
accurately adjusted on those cut from the first plate. Dealing 
in this way with successive drawings and wax plates, half the 
model was built up. This completed portion was then detached 
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from the sheet of glass, turned upside down, and the other por- 
tion of the model was then built up in the same way. This 
method of orientation was found to be much more economical of 
time than was the use of bridges and entailed no sacrifice of 
accuracy. 

To follow a respiratory bronchiole from its beginning to its 
terminals, it was necessary to make drawings from 128 sections 
of the adult lung. As each section was 20 m thick, it is evident 
that the piece of lung containing all these branches had a thick- 
ness of 2560 M) i.e., 2.56 mm. or a little over 1/10 of an inch. 
It will be evident also that the height of the completed model 
would be 256 mm., or a little over 10 inches. In the case of the 
child's lung, drawings of sixty-three sections were required, sud 
as each section was 30 m thick, the thickness of the piece of Ittsg 
reconstructed was 1890 m, or 1.89 mm., and the height of the 
completed model approximately 7.5 inches. 

RESULTS 

The first impression received from inspection of the completed 
models is that the branchings of a respiratory bronchiole are far 
more complicated than is revealed in the text-books, and one 
feels also that there is difficulty in 'labeling' the various parts 
according to the terms commonly used. In some places a num- 
ber of alveoli are represented in the reconstruction as opening 
into a cavity which seems too small to deserve the name of an 
air-sac, while in another place one finds an alveolus which is 
several times as large as the ordinary alveolus. The models 
indicate that the minute passages in the lung are not formed in 
strict accordance with the usual descriptions. The two models 
when placed side by side suggest at once that the child's lung is 
a miniature of the adult lung, just as the child's hand is a minia- 
ture of the adult hand, there being no apparent difference in 
complexity of structure. More air-sacs occur in the volume of 
child's lung represented than in the greater volume of adult lung 
represented in the first model. 

A photograph of the model from the adult lung is shown in 
figure 1. It starts with a non-respiratory bronchiole which is 
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marked 3a, and is so designated because in tracing it back through 
thd serial sections it was found to represent the third dichotomy 
from a bronchus which contained cartilage in its wall. The 
3a dichotomizes into branchings marked 4<i &nd 4bf of which 
4b has not been followed any further, but 4<i again divides dichot- 
omously into 6a and 6b, whose walls show alveolar outbranch- 
ings, so that they are to be regarded as respiratory bronchioles. 
The 6b is followed only a short distance, but 6a again divides into 
two stems, one of which was followed for some distance, but its 
reconstruction is omitted in the photograph for the sake of sim- 
plicity. The other stem, which may be designated 6a, is com- 
pletely reconstructed, and gives rise to all that portion of the 
model which is colored. It can be followed into a further dichot- 
omy, one branch of which gives rise to the portions colored 
orange and green, while from the other all the remaining por- 
tions originate. The orange and green portions have been 
separated from the rest of the model in order that its parts might 
be more completely shown. 

A photograph of the model on this scale, thou^ useful for a 
general orientation of its parts, does not sufficiently reveal the 
details. These are more clearly shown in figure 2, which repre- 
sents a part of the portion colored orange in figure 1 at a greater 
magnification. It shows a number of infundibula or air-sacs 
with their alveolar outbranchings, and it shows also how difficult 
it is to determine exactly what shall be termed an air-sac and 
what an air-cell. Thus the lower of the two portions colored 
yellow might equally well be regarded as a single air-sac with a 
number of complicated air-cells, or as at least two air-sacs with a 
common basal portion. Similarly, the upper yellow portion 
might be regarded as a single large air-sac or as three, according 
to the point of view of the observer. The terms infundibuliun 
or air-sac (ductulus alveolaris B. N. A.) and alveolus or air-cell 
are all useful in conveying an idea as to the arrangement of the 
terminal air-spaces of the lung, but it must be remembered that 
in the human lung, at least, transitions exist between them; 
particular cases may be found where it is difficult to say whether 
one is dealing with an air-sac or an air-cell. 
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To obtain a clearer picture of the terminal branchings, those 
represented in both models were projected upon a single plane, 
the projections being based partly on tracings of various sections 
used in the construction of the models, and partly on sketches 
of the smaller parts. The result obtained in the case of the 
model of the child's limg is shown in figure 3. The stem marked 
i is a non-respiratory bronchiole which was traced through sev- 
enty-four sections (2.22 mm.) to reach its origin from a bron- 
chiole with cartilage in its wall. Four dichotomies occurred in 
this distance. In the model of the adult lung three dichotomies 
occurred between the first respiratory bronchioles and the bron- 
chiole with cartilage in its wall. The stem (i) divides into two 
branches, only one of which {£) was followed; this was a respira- 
tory bronchiole, alveoli occurring on its wall. It in turn imder- 
goes a dichotomy, only one limb of which {3) was followed, and 
then two additional dichotomies succeed in rapid succession, 
only one branch of each being followed. That followed from the 
last of these dichotomies (6) again divides into 7 and 8, these 
a^ain into 9 and 10 and 11 and IZ, respectively, but beyond this 
the branchings become irregular, and while it would be possible 
to interpret some of these divisions as dichotomies, there are 
others where the branching could be more accurately termed a 
trichotomy. In fact, the branching in some parts is so irregular 
that almost any 'method' might be read into it. The truth seems 
to be that, as the terminals are approached, no one system of 
branching is followed, but one edict is obeyed, i.e., that there 
must be no waste of space. 

Embryological investigation has shown that in the early devel- 
opment the branching is dichotomous, and apparently this is 
continued, with some modification in certain of the branches, 
until there comes a time when the small bronchioles are competing 
with one another for space, and then they branch or send out 
processes in any possible direction. This competition for space 
of the infimdibula and alveoli, seen in the complicated inter- 
digitation of these elements from different respiratory bronchioles 
and in their varying form and size, is the most striking impression 
that one receives from a study of the models. An idea of the 
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manner in which the infundibula fit in with one another may be 
obtained from figure 4, which is a photograph of the pleural sur- 
face of the model of child's lung. The numbers on the infundib- 
ula correspond with those on the branchings shown in figure 3. 

From the diagram and the accompanying photographs it 
will be evident that the models reveal no definite space 'which 
corresponds to Miller's atriima. Careful study of the models 
shows, it is true, enlargements of the respiratory bronchioles 
where several infundibula communicate with them, but these 
enlargements exhibit no definite delimitation from the remaining 
portions of the bronchioles, and they never assume a spherical 
form. Schulze was probably correct in his contention that a 
special name is not needed for that part of a branch from which 
a number of subordinate branches arise. 

It is interesting to note that Justesen's description of the 
branchings of a respiratory bronchiole applies very closely to the 
branchings revealed by the models, except in regard to the atrium. 
Both Waters and Justesen held very decided views as to the 
planes in which successive branchings occur. Waters believed 
the plane of two diverging branches to be always at right angles 
to the plane of the two branches preceding. Justesen claims 
that "there is a strong tendency of the dichotomous divisions 
to lie in alternating planes cutting one another at right angles," 
but this was not universal. Examination of the models indi- 
cates that Waters' rule is by no means constantly true. Four 
angles which, according to Waters' rule, would be 90*^, were fo\md 
to be approximately 85*", 90°, 10°, and 45°. 

The mmiber of branchings that intervene between a non- 
respiratory bronchiole and an air-sac was determined in seven 
cases, and in three the air-sacs were reached at the fifth division, 
in three at the sixth, and in one case at the seventh. Ogawa 
found from two to nine ramifications, with an average from four- 
teen cases of 6.57. Laguesse found six or seven branchings. 

The alveoli or air-cells on seven different air-sacs were counted, 
the numbers being as follows: 22, 14, 16, 18, 12, 16, and 20, 
giving an average of 16.8. Ogawa's average is 11. However, 
many of the air-sacs, as Justesen says, are bifurcated or deeply 
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indented, and a good deal depends on whether the subdivisions 
are considered as separate air-sacs or not. 

Calculating from the lengths of the tubes in the model the 
following are the actual lengths of these tubes in the adult lung, 

mm. 

No. 1 1.6 

No. 2a 0.8 

No. 3a 0.5 

No. 4a 0.6 

No. 6a 0.6 

No. 6a 0.4 

No. 6b ; 0.2 

The greatest and least diameters of the non-respiratory bron- 
chioles represented in the same model were estimated as follows: 

mm. 

No. 3a 0.3 X 0.40 

No. 4a 0.3 X 0.26 

No. 4b 0.4x0.22 

Similar estimates in the case of the respiratory bronchioles 
were: 

mm. 

No. 6a 0.4 X 0.30 

No. 5b 0.3 X 0.35 

No. 6a 0.3 X 0.30 

No. 6b 0.4x0.30 

Measurements of the greatest and least diameters of those 
tubes into which the air-sacs open gave the following results in 
three cases, — the figures indicating the actual dimensions in the 
lung: 

0.3 mm. X 0.2 mm. 
0.5 mm. X 0.3 mm. 
0.4 mm. X 0.3 mm. 

This ^ves an average of 0.4 mm. X 0.27 mm. 

Ogawa found the average diameter of an alveolar duct to be 
0.24 mm., and he quotes Kolliker's estimate as 0.27 mm. and 
that of Schulze as from 0.4 to 0.2 mm. 

It will be seen from these measurements and from the illus- 
trations that the bronchial tree in its finer ramifications by no 
means shows a decrease in the diameter of successive branches 
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towards the periphery. There is, indeed, sometimes an increase 
even before the airnsacs are reached. 

The air-sacs themselves show a great diversity of shape and 
size and frequently they are recurrent. Figure 2 shows plainly 
the tendency of the air-sacs to widen out to a greater diameter 
than the bronchiole from which they arise. It was, no doubt, 
this widening-out tendency which caused the early investigators 
to use the term 'infundibulum,' though the air-sacs are not 
funnel-shaped. Calculations of the actual size of eight air-sacs 
gave the following results, the measurements being taken in 
three dimensions: 

0.4 xO.8 X 0.4 mm. 
0.3 z 0.6 X 0.3 mm. 
0.7 z 0.4x0.3 mm. 
0.6x0.3 X 0.4 mm. 
1.0x0.4x0.5 mm. 
0.3 X 0.4x0.3 mm. 
0.5 xO.3 xO.2 mm. 
0.4 X 0.6 x 0.2 mm; 

The air-sacs or alveoli, as shown in the model, vary greatly 
in size and shape. The following estimates were made of the 
actual diameters in three directions of the alveoli of the lung: 
(All the measurements given above have reference to the adult 
lung.) 





0.05 xO.06 xO.07 


mm. 




0.08 X 0.08x0.12 


mm. 




0.08 X 0.10x0.13 


mm. 




0.06 X 0.08x0.10 


mm. 




0.12 X 0.15x0.20 


mm. 




0.08 X 0.10x0.13 


mm. 




0.08 X 0.05x0.15 


mm. 




0.08 X 0.10x0.10 


mm. 


Average: 


0.075x0.09x0.125 


mm. 


Extremes 


: 0.05 and 0.20 mm. 





Ogawa in the case of a man of thirty-one years f oimd an average 
of 0.1 mm. for depth and breadth of an alveolus, and in the case 
of a man of fifty-six years, his estimates are 0.15 mm. depth and 
0.19 mm. breadth. Ogawa's extreme estimates, counting both 
his cases, are 0.04 and 0.21. It will be seen that many of the 
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alveoli represented in the model are elongated to a greater ex- 
tent than is usually described, though, as has been mentioned, 
Rossignol noted that certain alveoli had unusual depth. The 
models confirm the observations of Rossignol regarding alveoli. 
In the construction of the models and in the examination of 
the sections, careful search was made for evidence of interalveo- 
lar communications, but no evidence of their existence was found. 
The air-sacs interlock with wonderful closeness, so that there is 
absolutely no waste of space, and because of this close interlock- 
ing it sometimes requires great care to satisfy oneself of the ab- 
sence of interalveolar communications, but in no case could such 
communications be demonstrated. 

THE AREA OF PULMONARY AIR-SPACES 

During the course of this work the interesting question of the 
total area of the respiratory air-spaces naturally suggested it- 
self, and an attempt was made to answer it by estimating the 
total area of the respiratory epithelium in a cubic millimeter of 
lung tissue and then multiplying this by the total volume of the 
lung, expressed in cubic millimeters. It is evident that such a 
method can give only approximately the actual respiratory sur- 
face in the lung, since it takes no account of the variations that 
may occur in the size and number of the air-spaces in various 
cubic millimeters of the lung, and it fails to make allowance for 
the larger non-respiratory bronchioles and bronchi. Yet the 
calculation seemed worth carrying out, as it promised, at least, 
a maximum figure beyond which the total respiratory surface 
could not possibly extend. 

In order to estimate the area represented in one cubic milli- 
meter of lung tissue, a square of 100 mm. side was marked out on 
each of fifty successive drawings in the series of adult lung, the 
squares being oriented so that the series of squares represented 
successive sections of tissue. Since the sections were 20 n thick, 
the fifty squares together represented sections totaling 1 cu. 
mm. in volume. The total perimeter of the various air-passages 
in each of these squares was measured. This was done by trans- 
ferring the drawings within each square to millimeter paper, and 
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counting the number of millimeters in the perimeter of each air- 
space in that square, and totalling the amount. The grand total 
for the fifty squares amounted to 69346 mm. Since the magnifi- 
cation waslOOdiameters,thecorrespondingperimeter in the actual 

lung would be mm. and if this be multiplied by the thick- 

100 

20 
ness of the sections -, — --- the result will be nearly 14 sq. mm. 
(1000) 

of respiratory surface in 1 cu. mm. of lung tissue. 

The lung tissue used in this estimation was obtained after the 

lungs had collapsed — the pleura having been opened. Vier- 

ordt estimates the volume of the lungs in this condition to be 

from 3005 to 3975 ccm. Taking the volume as the average of 

these, 3400 ccm. or 3400000 cmm., the area of the walls of the 

air-passages (respiratory and non-respiratory) is approximately 

69346 20 

— — X -rr^ X 3400000 sq. mm., or about 47 square meters. 

Now, the volume varies as the cube of like dimensions, while 
the area varies as the square of Uke dimensions, so that the area 
would not be doubled if the volume of the lung were doubled by 
expansion of air-passages. According to Arnold, the volimie 
of the lung when fully inflated is 6805 ccm., and Vierordt states 
that the volume is 9521 ccm. 'bei starkster Fiillung.' For the 
areas corresponding to these estimates the extreme limits might 
fairly be placed at 70 and 90 square meters, respectively. Vier- 
ordt's estimate possibly refers to artificial inflation of the lungs 
after death. For the volume of the lungs on deep inspiration, 
Arnold's estimate seems a reasonable one, since 5500 ccm., in 
the case of the adult lung, is the approximate total volume of 
complemental, tidal, supplemental, and residual air. We are 
thus led to the conclusion that on ordinary deep inspiration the 
total area of the respiratory and non-respiratory epithelium is 
approximately 70 square meters, and the respiratory area alone 
must be considerably less than this. In order to estimate how 
much less, one would have to know the proportionate amount of 
respiratory to non-respiratory epithelium in the air-passages, 
and this is not known. 
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It might be pointed out that the method of multiplying the 
perimeter by the thickness of the section is exact only in the case 
of a tube of uniform diameter. To illustrate, it is plain that the 
cylinder formed by a pile of coppers has an area on its curved 
surface equal to the sum of the areas of the edges of the coppers, 
while the area of the curved surface of a cone is really greater 
than the total area of the edges of a number of discs of gradually 
diminishing diameter piled up to represent a cone. Here, then, 
is a source of error which tends towards making the result too 
low, while errors of omission in the counting or tracing would 
tend in the same direction. On the other hand, the cubic milli- 
meter of lung tissue on which our calculation is based contained 
only the finer branchings of air-passages, so that the result would 
be accurate only if the whole lung were made up of such fine 
branchings. This source of error, tending to make a too high 
result, can hardly be canceled by the factors referred to above. 
The figures given probably represent the extreme upper limits 
of area corresponding to the respective degrees of expansion. 

In Hermann's Handbuch der Physiologie there is given a cal- 
culation by Zuntz of the area of the respiratory surface. Zuntz 
assumes the average diameter of an alveolus to be 0.2 mm. when 
the lung is moderately inflated, and the total air-space of the 
lung to be 3400 to 3700 ccm. He considers that at least 3000 
ccm. of this space is occupied by alveoli and infundibula. He 
calculates the volume of an alveolus as though it were a sphere, 
and arrives at the following result for volume and area of a 
single alveolus: 

Volume, 0.00414 ccm. 
Area, 0.125-f sq.mm. 

Reducing the 3000 ccm. to cubic millimeters, he divides this 
volume by the volume of a single alveolus, and reaches the con- 
clusion that the number of alveoli in the lung is 725 million. On 
the basis of this result and the estimated area of a single alveolus, 
he concludes that the area of the respiratory surface is 90 square 
meters, when the lung is inflated to a moderate extent. 

Aeby used the same figures as Zuntz for volume and area of a 
single alveolus, assuming the average alveolus to be of spherical 
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form and to have a diameter of 0.2 mm. Since the volume of 
such a sphere is 0.004+ cmm., Aeby concludes that in a cubic 
millimeter of lung tissue there would be 250 such alveoli, each 
with an area of 0.125+ sq. mm., so that in a cubic millimeter 
of lung tissue the total area would be 250 X .125 or 31.25 sq. nmi. 
Nicolas gives estimates of the different areas of respiratory 
epithelium corresponding to the various degrees of expansion. 
He considers the maximum volume of air w^hich the lungs will 
hold to be 4970 ccm. in the average man. His statements are 
based on calculations by Aeby: 

Le nombre total des alveoles est immense. Huschke Tavait ^valu6 
k 1700 ou 1800 millions. Selon Aeby ce chiffre est beaucoup trop ^lev^. 
D^apr6s ses calculs chaque millimetre cube de poumon comprendrait 
250 alveoles repr^sentant une surface de 31.2 millimetres carr^s. En 
estimant le volume du poumon k 1617 centimetres cubes chez Thomme 
et k 1290 chez la femme, on obtiendrait chez le premier une somme totale 
de 404 millions d'alveoles et chez la seconde de 322 millions, (en chiffres 
ronds). Cette quantity correspondrait k une surface de 50 k 40 metres 
carrfo pendant ['expiration forc^e, de 79 (homme) k 63 metres carres 
(femme) pendant Tetat moyen de repos, et enfin de 129 (homme) k 103 
metres carres (femme) lors d'une dilation complete. 

The result here given of 129 square meters is greatly in excess 
of my maximum result, in spite of the fact that in the calcula- 
tions of Aeby and Nicolas the figure representing the volume 
of the lungs is smaller. The difference arises from the difference 
in the estimate of the number of square millimeters of area per 
cubic millimeter of lung tissue. Nicolas uses Aeby's estimate of 
31.2 sq. mm., while my estimate is 14 sq. mm. To obtain a 
result of 31.2 sq. mm., according to my method of calculation, 
the air-spaces cut in an area of 1 sq.mm. would have to be much 
more numerous than those of any of my sections of adult lung. 

F. E. Schulze also refers to Aeby's calculations. After ex- 
plaining that Aeby assumes the average diameter of an alveolus 
to be 200 n, he states that he cannot agree with Aeby's estimate 
of the number of alveoli and corresponding total respiratory 
surface. Schulze used his own estimate of the volume, 1500 
ccm., for the lungs of the average man. To get the volume of the 
respiratory parenchyma he deducts 20 per cent, leaving 1200 
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ccm. He takes the volume of an alveolus to be 200' cubic microns. 
Reducing the 1200 ccm. to cubic microns, he divides the volume 
of a single alveolus into this total volume and arrives at the 
conclusion that there are 150 million alveoli in the lung, thus: 

^^ ^ ^Z* = 150,000,000 
23 X 10* ' 

He then calculates the area of an alveolus as 5 X 200* square 
microns, and estimates the total respiratory surface as 5 X 
200- X 150,000,000 square microns, or 30 square meters. 

The estimates of Schulze and Zuntz are much higher than mine 
in proportion to the figures which they use for the volume of the 
lung. 

In our calculation it was found that in the adult, a cubic milli- 
meter of lung tissue represented the following area of lining 
of air passages: 

69346 ,,20 ioo«n 1 i>i 

X = 13.869 sq. mm., or nearly 14 sq.mm. 

100 1000 ^ y J M 

Similar calculations were made of the corresponding area in 
the child's lung, and estimates were made also from sections of 
emphysematous human lung and from the lung of an opossum. 
The results are given below. 



ADULT NORMAL 


CHILD 


MAN OF 61. EMPHYSEMATOUS 


OPOSSUM 


14 sq.mm. (nearly) 


19 SQ.mm. 


6 sq.mm. to 8.713 sq.mm. 


27 sq.mm. 



Some of the tracings on which these calculations are based 
are reproduced in figures 5 to 9. 

In the child's lung only a few typical sections were counted, 
and only one reading was taken of the opossum lung. 

In the emphysematous lung, the total perimeters of twenty- 
five consecutive sections were counted, the sections being of 
tissue near the pleura, though there were other parts, also near 
the pleura, where the emphysema was much more marked. 
The readings of the twenty-five squares gave a total of 21784 
mm., an average of 871.3 mm., which corresponds in the actual 
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Figs. 5 to 7 Each figure represents a square millimeter of a section of lung 
tissue, traced with a projection apparatus. The figures were traced at the same 
magnification (X 100) and reduced in reproduction to X 60. The double lines 
represent blood vessels. Fig. 5, section of a child's lung. Fig. 6, section of an 
opossum lung. Fig. 7, section of an adult human lung. 
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Figs. 8 and 9 Each figure represents a square millimeter of a section of 
emphysematous (human) lung tissue, traced with projection apparatus. Both 
figures were traced at a magnification of 100 and reduced in reproduction to X GO. 
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lung tissue to an average perimeter of 8.713 mm. Using a more 
direct method of calculation than previously, this average perim- 
eter of 8.713 mm. multiplied by 1 (millimeter) gives 8.713 
sq. mm., the approximate area of lining epithelium in each cubic 
milUmeter of emphysematous lung. The readings of eight other 
sections of emphysematous lung, taken from near the pleura, 
gave a total of 4728 mm., or an average of 591 mm., corresponding 
in the actual lung to 5.91 mm., or nearly 6 mm. This average 
perimeter in 1 sq.mm. corresponds to an area of 6 sq.mm. per 
cubic millimeter of lung tissue. 

It will be seen that the average for all the readings of the em- 
physematous lung indicates that a man with emphysema might 
possibly have only half the normal amount of respiratory epithe- 
liiun per unit of lung volume. 

CONCLUSIONS REGARDING THE HUMAN LUNG 

1. In the branching of the respiratory bronchioles there is 
far greater complexity, irregularity, and a greater degree of inter- 
locking than is usually described. 

2. There is no spherical space, or 'atrium,' such as has been 
described by Miller. 

3. The method of branching of the bronchioles is dichotomous 
until the terminals are approached, and then the branching 
becomes irregular. 

4. Counting as the first branch, a respiratory bronchiole aris- 
ing from a non-respiratory one, the air-sac is usually reached at 
the fifth to seventh branch. 

5. There are normally no direct communications betw^een 
adjacent alveoli. 

6. The bronchioles do not decrease in diameter as the periph- 
ery is approached, but remain of fairly uniform size until the 
air-sacs are reached, and the air-sacs are, as a rule, of greater 
diameter than the tubes from which they arise. 

7. Waters' rule, that the planes of successive dichotomies cut 
one another at right angles, is only exceptionally confirmed. 

8. The lung of the child is just as complex in structure as that 
of the adult. 
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9. It is calculated that during ordinary deep inspiration the 
total area of respiratory and non-respiratory epithelium in the 
adult lung is not greater than 70 square meters. 
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PLATE 1 



EXPLANATION OF FIGURE 



1 Peconstruction from an adult lung. This model was made at a magnifica- 
tion of 100 diameters. The distance in the model from the top of the part colored 
orange to the bottom of the part colored green is 7 inches. 
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PLATE 2 



EXPLANATION OF FIGUIIB 



2 Part of a reconstruction of an adult lung, more highly magnified. This 
part is the right half of the portion colored orange in plate 1, seen from above. 
The illustration shows the part at its actual size in the model, which was con- 
structed at magnification of 100 diameters. 
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INTRODUCTION. 

There are at present three main theories presented in explanation 
of the manner in which the matrix of bone becomes impregnated 
with the two inorganic salts, calcium phosphate and calcium car- 
bonate. These views may be briefly summarized as follows : 

280 
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1. That the salts are deposited in the matrix by a precipitation 
in situ from the interaction of soluble salts in the blood and the 
tissue. 

2. That the salts are excreted, or secreted, either with the matrix, 
or into the matrix, by the bone cells. 

3. That a complex combination salt known as calcium carbono- 
phosphate, carried in solution in the blood, is thrown out of solution 
in the bony matrix by a change in the carbon dioxide content of 
the tissue, and after precipitation is finally converted into the two 
components, calcium carbonate and neutral calcium phosphate, in 
the exact proportions found in bone. 

The weight of evidence is at present in favor of the third view, 
especially supported by the work of Barille and of Wells, but it 
seems to me that fully conclusive proof that this is the process has 
not yet been brought forward. 

The precipitation theory, however, offers a very simple and 
plausible explanation, and so it was determined to investigate the 
behavior of bone salts on precipitation and see if any light could 
be shed on the actual manner of impregnation of the bony matrix. 

An exact knowledge of the way in which the bone salts are added 
would be a great aid, indeed, to our understanding of the growth 
of bone, repair of fractures, changes in rickets and osteomalacia, 
and other kindred conditions. It would also throw light on the 
formation of calcareous patches in scar tissue and in arterioscle- 
rosis, for Wells has shown that calcification and ossification are 
quite similar processes, and the same two calcium salts are present 
in both cases in exactly the same proportions. 

This research work, as finally carried out, involved the micro- 
scopic study of the reactions whereby calcium carbonate and cal- 
cium phosphate were precipitated, both in separate solutions and 
also in the same solution, first in various aqueous media and then 
in certain colloidal ones. This was followed by a thorough exam- 
ination of the unchanged matrix of many different bones in the 
n^ouse, the frog, the guinea pig, the dog, and human foetuses of 
various ages. 

"For experimental investigation of the artificial process will 
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furnish the best clue to a precise and certain knowledge of the 
natural one, by showing more clearly how much is due to physical 
agency " — Rainey. 

part i. microscopic study of precipitation. 
TechnioUe. 

For simple examination of a reaction, a glass slide measuring 
38 X 75 mm. was taken and on it were outlined two squares with 
sides of 20 mm. painted in melted paraffin, so that the wax formed 
the sides of a shallow cell. Into a cell were placed a small amount 
of the two reacting solutions to give the desired precipitate, and 
then a cover glass 22 mm. square was dropped on, supported by 
the wax cell wall. If it was desired to keep the specimen, melted 
wax was then painted all around the edges, and overlapping on to 
the cover glass. The wax was then coated with thick shellac, 
which in its turn overlapped slightly on to the glass. The cell was 
thus permanently sealed. Two cells could be made on one slide 
and the same reaction could be compared in distilled water and in 
a colloidal solution side by side. 

It was found desirable to examine not only the precipitate formed 
immediately at the line of contact of the two reacting solutions, but 
also what was formed later, in more remote parts of the solution, 
during diffusion, and as the concentration of the dissolved salts 
became less and less with increasing precipitation. To do this 
required larger cells, and it was desirable to have a fairly uniform 
thickness of cell, which was accomplished as follows : 

On a glass slide 38 x 75 mm. in size two thin parallel strips of 
mica dipped in melted paraffin were so placed as to support the 
long edges of a glass cover slip measuring 24 x 50 mm., which was 
placed upon them. These long edges were now thoroughly painted 
over with melted paraffin, which on hardening cemented the cover 
slip to the slide. A cell measuring from o.i mm. to 0.2 mm. deep 
was thus made, still open at both ends. By means of a fine glass 
pipette one of the reacting solutions, M/io calcium chloride, was 
now introduced at one end until the cell was nearly two thirds 
filled. This end was then carefully dried and sealed with paraffin. 
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At the Still open end was now introduced the other solution— 
for instance, A//4 sodium carbonate, or M /4 triple sodium phos- 
phate — ^and the last border of the cell was then sealed and the slide 
labeled. All borders were then painted with thick shellac, which 
was allowed to slightly overlap the wax on to the glass. 

To obtain a series of cells of uniform depth, a sheet of mica 
four inches by two inches in size was split until the required thick- 
ness was obtained, equal to that of a number two cover glass. It 
was cut across with scissors into two-inch strips about two milli- 
meters wide. One sheet thus prepared will cut into approximately 
forty or fifty strips. 

Cells filled with warm solutions sometimes showed broken cover 
glasses on cooling. Also in cells completely filled with solutions 
a slight amount of expansion due to change of temperature was 
sufficient to cause leakage by loosening the wax from the slide. 
And so to provide for permanency of the specimens all cells were 
so filled as to leave an air space to provide for contraction or ex- 
pansion without undue strain, and were filled with solutions at 
room temperature, 20^-21° C. 

Pure distilled water was used in all experiments, all solutions 
were filtered to make them perfectly clear, and chemically pure 
reagents were employed in every case. 

Reaction in Aqueous Solution. 
Precipitation of Calcium Phosphate. 

Calcium phosphate was obtained by the interaction of M/io 
solution of calcium chloride and M/4 solution of triple sodium 
phosphate in water. This strength of reagent gave plenty of pre- 
cipitate, without it being so dense as to interfere with proper micro- 
scopic examination. As the two solutions were of different con- 
centration, there was a different rate of diffusion on the two sides 
of the line of contact, with corresponding differences in rate and 
amount of precipitation. 

Immediately that contact occurs between the two solutions a 
milky cloud appears, which grows rapidly in size. For a moment, 
although the cloud is visible to the naked eye, the solution seen 
microscopically is still clear, but an instant later it becomes vio- 
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lently agitated, and the agitation becomes quickly defined as being 
caused by very minute particles, which are in very rapid motion, 
both oscillatory and translatory. These particles, appearing only 
as small dots even under the highest magnification, grow in size, 
losing their motion as they increase in bulk, until finally they form 
the fine amorphous granules which gather in clumps, and massed, 
and fine films, to form the precipitate. 

Precipitation of Calcium Carbonate. 

Calcium carbonate was precipitated by the interaction of a Af/io 
solution of calcium chloride with a M/4 solution of sodium car- 
bonate. The process here resembles that described above for cal- 
cium phosphate in the form of myriads of fine particles in rapid 
Brownian movement. All movement finally ceases as these parti- 
cles agglutinate into large clumps, and then a remarkable change 
occurs, for the granular masses just formed fade from the sight, 
dissolving again into the solution, while scattered here and there 
larger, rapidly growing particles occur, which become defined as 
crystals, angular in outline, or as small spherical bodies, known as 
spherules, which are later converted into crystals as they increase 
in size (Figs, i, 2, 3, and 25). 

Two or three hours after the formation the precipitate is all 
crystalline. It is very rare to see a spherule persisting in pure 
aqueous solutions. 

The appearance of precipitates of calcium carbonate in the form 
of spherules has been frequently noted before. As long ago as 
1839 it was described by Link, who, in accordance with this phe- 
nomenon, thought that crystals at their first origin were fluid and 
only later became hard and angular, as solidification occurred. 

Precipitation in Colloidal Solutions. 

The colloids employed were gelatin and egg albumen. 

Various concentrations of gelatin were experimented with, rang- 
ing from an 8 per cent, solution, which solidified quickly, to a i per 
cent, solution, which remained fluid for some time and then formed 
a soft jelly. As the various concentrations gave similar results the 
weaker ones were used as a matter of routine, being easier to 
handle. 
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For albuminous solutions Merck's powdered soluble ^g albumen 
was employed, water being added to make the approximate normal 
proportions given by Lillie for fresh albumen in the hen's egg, 
namely, albumen 12 per cent., water 88 per cent, by weight. 

In 1857 Rainey published the first of a series of papers on the 
precipitation of carbonate and phosphate of calcium in colloids, 
using gelatin, albumen, and gum arabic. His best results were 
obtained with gum arabic, and he pointed out that the solutions of 
the gum holding the two salts reacting to give the precipitate should 
be of very different densities, so that diffusion and the consequent 
reaction would occur slowly and gradually. I have found, how- 
ever, with albumen and gelatin, that if the reacting salts differ suf- 
ficiently in concentration, the concentration of the colloidal solution 
need not differ in order to secure good reactions. And so in many 
series of experiments i per cent, gelatin was used throughout, 
although in others this concentration was used only with calcium 
chloride, and a 4 per cent, solution with sodium carbonate or phos- 
phate. Egg albumen was used always in the same concentration. 

Precipitation of Calcium Phosphate in Colloids. 
The employment of a colloidal solution seems to have little or 
no influence on the precipitation of calcium phosphate. The de- 
posit is quite similar to that in aqueous solutions, being fine, gran- 
ular, and amorphous (Fig. 36), and aggregating to form thin 
gelatinous veils and clouds. Results in egg albumen were similar 
to those in gelatin. These findings are in agreement with the work 
of Rainey, Harting, Biedermann, and others. 

Precipitation of Calcium Carbonate in Colloids, 
The reaction here is very characteristic. Calcium carbonate 
formed in the presence of colloids has a tendency to separate out 
and persist in the form of the spherules mentioned previously, 
which have been named calcospherites. 

The first effect of the colloid is to very much emphasize and 
prolong the stage in which the particles are small and show active 
Brownian movement, apparently by preventing their early fusion 
into larger masses. In a short time, however, larger particles are 
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seen which grow partly at the expense of the smaller ones, which 
redissolve as described for aqueous solutions. But there are many 
small particles which apparently do not dissolve, but pass on di- 
rectly over to the larger form of deposit, by forming a nucleus for 
the laying down of additional material from the clear solution. 

The precipitate exhibits two separate forms. One of these is 
distinctly crystalline (Figs. 8, lo, 12, 13) and is found most densely 
at the primary line of contact of the reacting solutions where de- 
posit was very rapid. Even here the colloid shows its influence, 
for the. crystals are not perfect, but are deformed in various ways, 
and exhibit rounded angles and suppression of their t3rpical shape. 

The second form of deposit is in the shape of very perfect small 
spheres (Figs. 7-12, 29, 30, 31), which vary greatly in their trans* 
parency, markings, and size according to the solution in which they 
are formed. 

Rainey obtained spherules in gum arabic only after the lapse of 
an hour or more. At first a faint nebulosity was seen, lasting in 
thin solutions of gum for one hour, in thick solutions for over a 
week, after which spherules occurred. In my work I have been 
able to identify these bodies in less than ten minutes, and in some 
solutions to see them attain a size of 30 /i in one hour. They grow 
rapidly and attain practically their full size in forty-eight hours, 
ranging then according to the solution in which they lie, from a 
size of I ft up to 120 /i. In Rainey 's case they grew gradually for 
several months and ranged in size from 2 ft to 200 /i. I had one 
single example of a pear-shaped body which measured 120 fix 300 /i. 

Evidently gum arabic exhibits a more powerful colloidal influ- 
ence on the precipitate, but gelatin or albumen will give excellent 
results in a very much shorter time, which is a valuable consid- 
eration. 

Brownian movement in parts of some slides is still active after 
the lapse of a year, due to the colloid retaining some of the pre- 
cipitate in its original, extremely small, granular form, preventing 
coalescence to form the larger particles seen in other areas where 
precipitation was denser and more rapid. 

The process of coalescence of the small particles can be observed 
in favorable cases. Very small spherules showing active move- 
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mcnt travel about in the solution, colliding with and working past 
others. Suddenly two of these, instead of passing, will be drawn 
together, as though pulled by a strong attractive force, and will 
merge completely in one large spherule, which in its turn may 
absorb small ones. At these moments of coalescence the spherules 
give the observer the impression of being fluid, flowing together 
like two drops of water, and lead one to believe that Link was 
correct in interpreting these small spherules as liquid crystals. As 
these bodies become larger they lose their movement, settle down, 
and become of glassy hardness. There is als9 * '**^^ growth by 
addition of material from the surrounding clear solution. 

Richards and Archibald have shown that the particles of pre- 
cipitates at their first appearance seem to have a rounded outline 
to the eye even under high magnification, but by photographs, how- 
ever, they have demonstrated that these particles are real crystals 
of typical shape. This condition is true for some particles of 
calcium carbonate formed in aqueous solutions, but in colloids a 
great deal of the deposit is in the form of particles which are 
round, and persist in this shape as they grow. There are other 
particles also, which clearly are not round, and give the crystalline 
form of deposit which occurs simultaneously with the spherules. 

The spherules formed in gelatin (Figs. 13 and 31) are very 
perfect, with a smooth surface, and clear, transparent, glassy ap- 
pearance. Those formed in albumen (Figs. 26 and 29) often show 
a slightly irregular periphery and give indications of their internal 
structure. They appear to be built up of concentric layers, and 
often exhibit an amorphous center. Extending from this center to 
the periphery is also a faint, but quite distinct, radial striation in 
certain cases. These appearances have already been well described 
and illustrated by Rainey, Harting, and Biedermann. 

It ought to be noted here that Harting has been erroneously 
credited by many writers with the discovery, in 1872, of the calco- 
spherites formed in colloidal solutions. Rainey described and gave 
accurate illustrations of these bodies in 1857, and had observed 
them as early as 1849, and so deserves the credit of this discovery. 

Combined precipitates of calcium carbonate and phosphate (Fig. 
36) show each salt acting quite independently, the phosphate occur- 
19 
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ring in its usual amorphous form, the carbonate in typical crystals 
and spherules. Similar conditions were found by Rainey in gum 
arabic. 

The colloids gelatin and albumen were chosen as being artificial 
media easily prepared which might be looked on as approximately 
comparable respectively to the bony matrix and to the blood serum 
or to cellular tissues. Reactions in gelatin might give a clue to 
those in bone, and similarly reactions in albumen might indicate 
processes of calcification in other tissues. After studying the re- 
actions in these simple media, they were further modified by the 
addition of various substances which are either normally or patho- 
logically found in the blood or tissues, to sec what effect these 
special substances would exert. 

Further experiments were also carried out to study the effect of 
the hydrogen-ion concentration of the colloid. To complete this 
stage of the work reactions were followed in cartilage extract and 
in blood serum. Then specimens of bone from various animals 
were examined to see if there was any correlation between the 
structure of their matrix and the results obtained experimentally 
in the various media. 

The Influence of Other Agents on the PRECiPrrATB. 

The substance whose influence was to be investigated was added 
in equal concentration both to the sodium carbonate or phosphate, 
and to the calcium chloride solutions which were to react to form 
the precipitate. The new agent was thus balanced so that its action 
could not be one sided. 

The agents used and their concentration in solution were : 

M/io sodium chloride, same proportion as in human blood serum, 
o.i per cent, dextrose, same proportion as in human blood serum 

(Gradwohl). 
0.05 per cent, urea, same proportion as in human blood serum. 
0.1 per cent, lecithin. Blood serum contains 0.7 per cent. (Wells), 
i.o per cent, acetone. Simulating conditions in acidosis. 
0.5 per cent, ethyl alcohol. 

The effects produced on the precipitation of calcium carbonate 
were quite definite for some of these substances, and in some in- 
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Stances very remarkable changes of form resulted. The influence 
on calcium phosphate was much less striking, as this deposit re- 
mained in the same granular, amorphous form in all cases, and the 
results were mainly a slight difference in the average size of 
granules, and also differences in the speed and completeness of 
precipitation similar to those which will be noted in detail below 
for calcium carbonate, to which latter deposit alone the succeeding 
paragraphs relate. 

Addition of Sodium Chloride, 

The main effect noted on adding sodium chloride was the speed- 
ing up of the reaction. Brownian movement ceased sooner, crys- 
tallization was more rapid, and in most cases the main portion of 
the precipitate consisted of smaller crystals and spherules, and in 
the colloids the crystals were of very poor shape. 

Addition of Dextrose. 
The influence of this compound was slight and seemed to consist 
mostly in added transparency of the crystals and spherules. There 
was also slight modification in shape. 

Addition of Urea. 
Even in aqueous solutions some spherules were formed when 
urea was present. The effect in colloidal solution (Figs. 30 and 
35) was to favor increase in size of the spherules, with a marked 
tendency toward fusion, so that many double forms and dumbbell- 
shaped bodies were seen. Urea thus shows an influence quite the 
opposite of sodium chloride upon the precipitate. It evidently 
favors growth of this deposit and suggests the idea that the pres- 
ence of urea in blood and in urine may aid in the deposit of calcium 
salts in the calcareous incrustation of sclerotic arteries and the 
growth of renal and vesical calculi. 

Addition of Lecithin. 

Lecithin, even in small amounts, o.i gm. in 100 c.c. water gives 
a turbid solution even after filtering, but microscopically the solu- 
tion appears clear, so that it is evidently a colloidal one. 

The lecithin has a remarkable influence on the precipitation of 
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calcium carbonate. Even in aqueous solution (Figs. 4, 5, 6) 
spherules occur in great numbers, and many of these are of a large 
size not obtainable in other solutions. There is also a distinct 
tendency toward fusion of spherules in contact with each other, so 
that double and multiple forms are numerous. Beautiful rosettes 
(Fig- 5) were present, due to the adhesion of many oval-shaped 
bodies. 

In gelatin and albumen (Figs. 10 and 11) the same phenomena 
occurred, producing magnificent rosettes and very large spherules 
measuring 120/1 in diameter. 

Lecithin thus has a very typical colloidal action on the precipitate, 
favoring the spherical forms of deposit. This compound is found 
in blood in seven times the strength it was employed here, and is 
also found in bone and other tissues, so that its action on a pre- 
cipitation of bone salts, if such occurs, ought to be appreciable. 
This point will be discussed later. 

Addition of Acetone. 

The presence of acetone (Fig. 12) hastens the process of pre- 
cipitation, making it occur very rapidly, and also makes the initial 
deposit at the moment of contact much denser and more complete. 
This point is rather suggestive. It leads to the question as to 
whether or not conditions of acidosis such as accompany serious 
cases of nephritis and diabetes have an influence favoring the prog- 
ress of calcification in the arteriosclerosis so often found in these 
cases. 

Addition of Ethyl Alcohol. 

The alcohol had no appreciable effect upon precipitation except 
to add to the optical clearness of some preparations. 

The Influence of Different Ions. 
The calcium carbonate was precipitated in separate cells by the 
carbonates of sodium (Figs, i and 4)» potassium (Figs. 2 and 5), 
and ammonium (Figs. 3 and 6), so that the solutions contained the 
three last-named ions as the only variable, all other factors being 
equal. In aqueous solution the crystal form of the calcium car- 
bonate in the three cases was noticeably different. In colloidal 
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solutions the spherules seen were very different io their appear- 
ances in each set of slides. 

The most noteworthy change was seen where the ammonium salt 
was used, the deposit being much coarser, with rougher, more 
irregular surfaces, and as a rule much greater in size and with 
more tendency toward fusion and toward clumping into masses. 

The whole series for each ion, including those slides with the 
six accessory agents described above, showed similar tendencies to 
the plain, unmodified reaction. Each series consisted of 21 slides, 
consisting of 7 in water, 7 in gelatin, and 7 in albumen. 

Precipitation in Blood Serum. 

Clear serum was pipetted off from test tubes of dog's blood 
allowed to stand for some hours in a refrigerator. The precipita- 
tion of calcium phosphate in this serum showed the usual granular 
amorphous character. Calcium carbonate separated out almost en- 
tirely in the form of spherules, many of which were quite large. 
The process of precipitation in blood serum was very complete, 
covered practically the whole area of the slide, and seemed to be 
greater than usual in amount. This appearance suggested the 
thought that the sodium carbonate and phosphate of the blood aided 
the reaction, making precipitation greater in amount, but further 
consideration made this seem unlikely, as the usual amount of car- 
bonate or phosphate was added to the blood, and this alone was 
sufficient to precipitate more than the total amount of calcium, 
without the aid of the salts naturally in the blood. 

Mixtures of carbonate and phosphate present the usual char- 
acter, each salt being precipitated in its own peculiar form and 
being thus easily identified (Fig. 36). 

Precipitation in Hyaline Cartilage Extract. 
An extract of fresh hyaline articular cartilage was prepared by 
mashing it up in distilled water, allowing the mixture to stand a 
short time, and then filtering it and using the clear solution. The 
same concentrations of salts were used here as in other cases, but 
the resulting precipitate was very much less in amount. Precipi- 
tation occurred only in the area of contact of the solutions, was in 
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a finely divided state, showed some tendency to form crystals, but 
mostly was in form of granules and very small spherules. There 
were no large spherules whatever. The total amount of deposit 
would lead one to think that very weak solutions had been em- 
ployed instead of the usual ones. 

Hyaline cartilage extract thus seems to decrease the amount of 
precipitation and to retain what deposit is formed in a very finely 
divided state. Addition of the various accessory substances used 
in previous cases had no effect, even lecithin apparently being 
powerless to produce the large spherules. 

These facts may have some significance, for here we have an 
extract of a tissue which although apparently similar to other carti- 
lage which does ossify, and although situated in continuity with 
ossified tissue, yet retains a matrix free from a deposit of calcium 
salts. Its extract forms the most unfavorable medium yet found 
in which to produce precipitation of calcium salts. Solutions of 
equal concentration in other media give three to four times the 
amount of precipitate found here. The experimental facts, it 
seems, are in complete accord with the nature of the tissue, which 
is unfavorable to the deposition of calcium salts in it. 

Influence of Hydrogen-Ion Concentration. 

Loeb's method was employed of treating gelatin to obtain it 
with a definite hydrogen-ion concentration. To 0.25 gm. gelatin 
in a test tube were added 20 c.c. of cold acid solution of a definite 
strength, and this was allowed to stand for 30 minutes, during 
which time the gelatin swelled remarkably, but did not dissolve. 
It was then filtered and washed on the filter paper four times with 
25 c.c. of cold distilled water at 5° C. to remove all free acid. 

The gelatin was then transferred to a test tube standing in hot 
water, where it melted, and the volume was made up to 25 c.c. 
with hot distilled water, thus giving a one per cent, gelatin solution. 
Two tubes for each strength of acid were prepared. On cooling 
the pH of each pair was determined approximately by Clark's 
colorimetric method, and then one tube of the pair was rendered a 
M/io calcium chloride solution, and the other one a Af/4 sodium 
carbonate solution, and these two solutions were placed as usual in 
a cell to react. 
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There was also an alkaline series made similarly to the above. 
In each series there were ten grades as follows : 

Acid series treated with — » — » — HQ. 

16 32 64 8192 

Alkaline series treated with —,—,M. ^ NaOH. 

16 32 64 8192 

The pH of the acid series of washed gelatins in one per cent, 
solution ranged from 3.2 to 6.0. Untreated gelatin, both in sheets 
and in powder, which had been used for all the previous experi- 
ments was found to possess a pH of 6.0. 

The weakest alkaline member of the series registered 6.2 and 
the fifth member of the series a pH of 9.0, above which no record 
was kept. 

The amount of precipitate visible to the naked eye was less in 
the acid series than the alkaline one. It was least of all in those 
specimens where the pH was in the neighborhood of the isoelectric 
point of gelatin, which occurs in the acid series at 4.7, and which 
marks the point where the gelatin is most insoluble and most inert. 
In these slides there was practically no diffusion and spreading of 
the precipitate, only a narrow band of deposit occurring along the 
line of contact of the reacting solutions. Such a condition would 
lead one to infer that the salts in solution are intimately bound to 
the gelatin. 

It was also noted that crystals (Figs. 17, 18, 19) were abundant, 
and very often large, in the various acid gelatins. Crystals were 
also present in the weaker alkaline specimens, but in gelatin treated 
with M/2048 NaOH or stronger alkaline solutions (Fig. 23) not 
a single crystal has yet appeared in a period of six months since 
the preparation of these slides. Here the precipitate is still in the 
form of very small spherules, often so densely packed as to prevent 
Brownian movement, but elsewhere still actively in motion, which 
has gone on continuously for six months without a change, and 
gives every indication of continuing indefinitely. The larger of 
these spherules, approaching one micron in diameter, have a slow 
movement and so can be well observed, and have given definite 
proof of what was already suspected from a study of other slides. 
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namely, that the so-called spherules are in reality flattened discs. 
During their vibratory movement many of them have been ob- 
served to slowly roll over and a narrow, thin edge is presented to 
the view instead of the circular outline. The appearance reminds 
one very strongly of a red blood corpuscle. 

The largest and clearest spherules (Figs. 19-22) were formed 
in gelatin whose pH was between 4.7 and 7.5 — ^that is, all in gelatin 
on the alkaline side of the isoelectric point — ^but in specimens whose 
reaction was either weakly acid or weakly alkaline, the neutral 
point being 7.0. This is the zone in which is obtained the forma- 
tion of the largest spherules. Untreated gelatin, used for all the 
previous series of reactions without regard to hydrogen-ion con- 
centration, has a pH 6.0 and so is within this zone. The pH of 
human blood and many tisst\es also lies in the alkaline part of this 
zone. 

It is interesting to note that in strong acid members of the series 
precipitation is rapid, and while spherules may early be present, 
the deposit in the course of a short time becomes entirely crystalline 
in structure. In strongly alkaline members precipitation is very 
complete, but the deposit remains for an indefinitely long time in 
the form of small, discrete spherules, which do not grow or fuse, 
and which continue to exhibit Brownian movement. No crystals 
appear in these latter cases, even after the lapse of many months. 

In the intermediate zone of weak acid, neutral, or weak alkaline 
gelatin both spherules and crystals appear in quantity, and the 
spherules are very large. In the part of this zone in which the 
hydrogen-ion concentration of blood and many tissues lies the 
deposit is mostly in the form of small spherules and the tendency 
to crystallization is very poor. This is essentially a colloidal phe- 
nomenon and seems significant in view of the fact that it has fre- 
quently been found that certain drugs in colloidal form have a 
much better therapeutic effect, have a much less damaging effect 
on healthy tissues, and are much more pleasant in their administra- 
tion to the patient. As an example of this, compare the actions 
of silver nitrate and of argyrol, a colloidal silver vitellin. The 
colloidal preparation much more nearly approaches the condition of 
the tissues themselves and the reactions ought to be of a more col- 
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loidal character, which I have shown is the natural condition with 
the hydrogen-ion concentration on the basic side of the neutral 
point. To the acid side of this point reactions tend to the ordinary 
chemical crystalline variety. 

Disintegration of Spherules. 

A most remarkable phenomenon was observed during the last 
two months in some of the slides, where spherules have been ob- 
served in process of disintegration and transformation into crystals. 
This was first noticed in the acid gelatin series in a slide where the 
gelatin had a pH of 4.9 and where for the whole of six months 
appearance had been constant. 

. This case (Fig. 31) had offered one of the most perfect exam- 
ples of large spherules, which were of perfect outline, glassy trans- 
parency, absolutely clear, and showing no indication at all of their 
internal structiu*e. These spherules were formed in half an hour 
and had attained their full growth in less than two days, and for 
six months presented the same appearance, with no indications of 
a change. It happened at the end of this period that they were 
not examined for about one month, when it was discovered that 
some of them (Figs. 19 and 33) had disappeared, others were dis- 
integrating, and all still present were opaque, while in this area 
which had not previously shown a single crystal there was now a 
number of large crystals. 

Other slides were examined for similar conditions without avail, 
but a month later several of them showed signs of a change, and 
by examination of these at intervals a complete series of stages in 
the transformation has been obtained and a complete description 
of it can now be given. 

The first sign of a change is in the occurrence of a very fine 
opaque central spot of a bluish tint (Figs. 20, 21, 24a, and 32) in 
the otherwise clear spherule. This area increases a little in extent, 
and the next stage then is ushered in by the appearance around this 
center (Fig. 246) of a faint nebulous haze, which becomes more 
opaque and finally seems to consist of a fine radial striation (Fig. 
24c) which extends farther and farther, until it reaches the pe- 
riphery of the spherule, which is now an entirely opaque white 



296 JAMES CRAWFORD WATT. 

body. At this stage some spherules are uniformly opaque (Fig. 
24(f), others show a marked radial striation (Fig. 24^). 

The final step in the change now occurs with a very graiasJ 
disap pcaiAi i tc ot die apkcnilr, jppmmtfy by dissolving into the 
surrounding solution. It decreases in diameter and also in thick- 
ness until the remnant, diminished very much in size, appears like 
a nebulous ghost of the former spherule and eventually fades com- 
pletely from view. During the solution the opaque center of many 
spherules seems to dissolve early (Figs. 24/ and 32), converting 
the body into a ring. 

In those cases where the spherule is uniformly opaque (Figs. 
24d and /) solution is very uniform at the surface, the contour of 
the spherule remaining perfect while the size contracts. Where 
there is radial striation, however (Fig. 24^ and ^), the periphery 
dissolves unevenly, giving the spherule a rough, rather ragged 
surface. 

Coincident with the beginning of the process of dissolving of the 
spherules, crystals occur in these areas which formerly were en- 
tirely composed of spherules, and which for several months' dura- 
tion had not shown a single crystal. These crystals grow steadily 
both in size and in number (Figs. 19, 20, 21), while the spherules 
disappear. The passage of the material from the spherule into 
solution is evidently very transitory, it coming out again imme- 
diately to be deposited in the crystal. 

What is the interpretation of this phenomenon ? It seems to me 
that there is a very evident one, and that this is the same process 
very much delayed in starting, and very much protracted in its 
action, which occurs rapidly in ordinary aqueous solutions. It will 
be remembered that in precipitating calcium carbonate in pure 
water it is at first in a granular, amorphous form, which later re- 
dissolves and comes out of solution a second time as spherules 
and crystals, which grow rapidly, the spherules all being converted 
into crystals during growth. 

Again in colloidal solutions the same process happens, but is 
delayed somewhat, taking hours or days instead of minutes. In 
such cases an area of spherules seen one evening after a precipita- 
tion, when examined next morning is found to consist of crystals. 
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Apparently in some of these cases at least, as Brownian movement 
ceases and the particles grow in size, the spherule is transformed 
directly into the crystal. 

In the degeneration of the large spherule it seems to me we have 
a similar phenomenon to that of the other cases. The large 
spherules could correspond to the amorphous particles of the 
aqueous solution, fused into a large mass, the redissolving occurring 
very late to form the final crystal. There is evidently a very strong 
directive force toward the formation of crystals even in the col- 
loids, and though interfered with and hindered by them for a long 
period, it nevertheless conquers. What it is that initiates the 
change after the deposit has remained stationary for many months 
is problematical. There was no infection in the gelatin, no change 
in its appearance, or any other fact to give a clue. 

Some slides in other series in both gelatin and albumen also 
show evidence of some change in the spherules, which in view of 
the above facts may be expected to progress farther. 

As far as I know this remarkable transformation of the pre- 
cipitate has never been described before. The further investiga- 
tion of this phenomenon is outside of my province and belongs to 
the field of physics and chemistry, where it will provide some very 
interesting problems which I hope some competent investigator will 
undertake to solve. 

A second method of disintegration (Fig. 6) has also been ob- 
served in a lecithin solution, where some large spherules with very 
marked striation lost this striation after the lapse of several months 
and became dully opaque. Certain clear radii then appeared along 
which cleavage occurred, splitting the spherule into sectors which 
finally separated, giving triangular crystals. 

Number of Forms Assumed by Precipitate. 
It is to be remarked that in no slide was it possible, after Brown- 
ian movement ceased, to obtain only a single form of deposit. 
There were always two, and in many cases several forms occurring, 
and this applies equally to pure aqueous and to colloidal solutions. 
This multiplicity of form in the precipitate has also been noted by 
Biedermann and is due doubtless to differences in the relative con- 
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centration of the reacting salts and in the diffusion currents in 
different parts of the solution. Side by side may be found an area 
of crystals and of perfect spherules, or both forms may be seen 
mixed in one area. 

In passing from the sodium carbonate end of a ceU across the 
precipitate to the calcium chloride end there is often seen a marked 
change in shape of the deposit, forms present to one side of the 
line of contact of the two solutions not being present on the other. 
Spherules may occur all to the one side, but follow no rule as to 
which they select. Transition forms occur from one area to an- 
other. Orde found similar conditions on sectioning plugs of coag- 
ulated albumen with which he had sealed the ends of capillary tubes 
containing solutions which gave precipitates in the plugs when the 
sealed ends of the tubes were immersed in certain other solutions. 

The multitude of forms exhibited in the precipitate of calcium 
carbonate in the slides seemed remarkable, but on referring to 
Goldschmidt's "Atlas der Krystallformen," I found illustrations 
for 2,544 modifications of the crystal form of calcite which have 
already been observed. Many of the changes are slight, but all 
are quite evidently different, and among them may be recognized 
all the types of crystal form I have obtained. Spherules and their 
variations were not shown. 

PART 2. EXAMINATION OF BONE. 

Technique and Material. 

The ordinary method of examining bone by means of very thin 
ground sections, or by sections cut from decalcified bone, are use- 
less to give the structure of the matrix. A method just published 
by Bast, however, for the study of bone cells in situ, without cut- 
ting sections, is equally applicable for the examination of the matrix 
and was here employed. 

Bast worked with the parietal and ethmoid bones of mice and 
young rats, rabbits, cats and dogs, the nasal conchae of these ani- 
mals, pieces of the ethmoid in man, and other bones thin enough 
to be transparent. These were mounted whole. The specimens 
were fixed in 95 per cent, alcohol, washed in water, stained for 
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8 hours or more in diluted aqueous solution of Gentian violet, 
dehydrated in alcohol, cleared in benzol, and mounted in balsam. 

To stain the bone cells only, the periosteum was left on the 
specimens, and this was later removed by dissection under a bi- 
nocular microscope while the bones were in benzol. In this way 
the matrix remained clear, while if the periosteum was removed 
previous to staining, the matrix stained also^ 

This method was used by me, but as the matrix was the main 
object of study, most of my preparations were not stained, but 
were mounted for observation clear, in three different ways : first, 
without fixation, in a shallow cell filled with normal saline; second, 
in a shallow cell of glycerin ; and third, fixed in 95 per cent, alcohol, 
then absolute alcohol, cleared in benzol, and mounted in balsam. 

A cover glass to which some of the precipitate of calcium car- 
bonate was adherent in the form of both spherules and crystals 
was passed through all the processes necessary to staining above 
and mounted in balsam. There was no change to be seen in the 
precipitate, so it can be inferred that calcium salts in the bony 
matrix, if in this form, would not be altered by any of the processes. 

The specimens of bone used were parietal and ethmoidal bones 
and nasal conchae of the mouse, frontoparietal bpnes of the frog, 
and splinters and thin sections in various planes from the femur, 
tibia, humerus, radius, ulna and scapula, of frog, mouse, guinea 
pig» dog, and human foetus. The frog and mouse were young, so 
that their bones were in process of growth, and if there is any 
visible difference between new formed and old matrix it should be 
evident here. Thin pieces of the long bones cut with a sharp knife 
to take in areas of the total thickness of the shaft, or to show transi- 
tion from the bony shaft to the cartilaginous epiphysis, were taken, 
splinters were clipped off long bones, small pieces were crushed, 
and all these were mounted as described above. The whole of a 
concha, scapula or parietal, if small, was mounted as one specimen. 

In all cases the periosteum was carefully peeled off and was 
mounted alongside of the bone so that examination of it for newly 
formed matrix could also be made. 
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Results of Examination of Bone. 

Both bright and dark field illumination were employed and 
specimens of bone, when thin, were quite transparent and easily 
examined. In bone that is well formed, whether from adult, or 
young individual, or foetus, the appearances are similar. The bone 
cells and all their processes in the canaliculi are easily followed and 
appear as Bast has described them. The matrix round about them 
is homogeneous, transparent, and almost glassy in appearance, and 
gives no indication (Fig. 37) of being formed of separate parti- 
cles. If it was originally formed in such a manner, there has been 
complete fusion, so that there is no evidence of a precipitation. In 
fact, the whole appearance bears out the statements of text-books 
of histology that, although two thirds of the bony matrix is com- 
posed of inorganic salts, they are so intimately blended with the 
organic material that there is no visible evidence of their presence. 

In the case of growing long bones, such as those of the limbs, 
sections were taken across the shaft to include the newly formed 
growing periphery just under the periosteum, and also sections in 
the length of the bone to include the end of the diaphysis, the 
epiphyseal plate of cartilage, and the bony epiphysis. These sec- 
tions, however, were disappointing, as even at the transitional areas 
any tissue that could be identified as bony matrix appeared homo- 
geneous, so that no evidence of precipitation could be obtained here. 

In the case of the developing diaphysis of the long bones of the 
limbs in human foetuses, however, there were definite, discrete 
particles to be seen. In Quain's Anatomy there is a fine de- 
scription by Schafer of the appearances of developing bone with 
which my findings entirely agree. Just ahead of the advancing 
bone of the diaphysis is an area of change, where the tissue is no 
longer cartilage, but is not yet true bone. Here we find definite 
fibres (Fig. 38) like those of white fibrous tissue, and known as 
Sharpey's fibres, extending from the bony material forward into 
the cartilage, and in these fibres in the narrow area immediately in 
advance of the true bone are numerous very fine granules which 
appear similar to the material of the matrix in well-formed bone 
and so are evidently the bone salts. They are crowded in the 
fibres just ahead of the actual bone, and in the bone itself we find 
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the homogeneous appearance due to the fusion of these discrete 
particles into one mass. Pacchioni has also described the first ap- 
pearance of lime salts in bone in the form of fine granules which 
later form a homogeneous mass. 

The possible origin of these particles either by precipitation or 
secretion will be discussed later. 

PART 3. DISCUSSION OF RESULTS. 

Concerning some of the physical phenomena of the precipitation 
reactions studied, remarks have been made at appropriate places in 
the previous pages describing the work and need not be repeated 
here. 

There are a few points to be constantly borne in mind in con- 
sidering the question of ossification, which have been very clearly 
demonstrated by Wells. The most important is the fact that there 
is a very definite and fixed ratio between the amount of calcium 
carbonate and calcium phosphate deposited in bone. The second 
point is that this same ratio is equally true in areas of calcification 
in tissues other than bone. The third fact is that the processes of 
ossification and of calcification are essentially the same, the kind of 
matrix or tissue in which the deposit occurs differentiating the two 
processes. 

Theories Regarding Deposition of Calcium Salts. 

The reactions with calcium phosphate show it to be invariably 
precipitated in a granular form so that if it were visible in bone 
it should be evident in a finely divided amorphous form. As this 
salt forms over eighty per cent, of the inorganic material, it ought 
to be readily demonstrated, but this is not the case, because the 
matrix is clear and homogeneous, not granular, except at the ad- 
vancing edge of ossification in developing foetal bones. 

It has been shown that in mixed solutions calcium carbonate is 
not prevented, by the presence of the phosphate, from coming out 
in t3rpical spherules or crystals, so that it might be expected that 
the carbonate would show in one of these forms in bone, in which 
it forms fifteen per cent, of the salts. This expectation is further 
strengthened by the fact that typical spherules have been found in 
the shells of invertebrates, which are mostly calcium carbonate, by 
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Rainey and by Biedermann. The dentine and enamel of the teeth, 
Rainey believed he had demonstrated to be composed of spherules, 
forming in rows and coalescing. Neither in old bone nor in new, 
nor in a transitional area transforming from cartilage to bone, have 
I seen either a single crystal or a single spherule. 

Previous work has demonstrated that spherules can always be 
found in calcium carbonate precipitated in colloids. This forma- 
tion is favored by the occurrence of the reaction gradually and 
slowly, and also by the presence of lecithin, which is found in both 
blood and bone, so that all the conditions in the matrix of the bone 
are favorable to the formation of spherules if precipitation occurs. 
The hydrogen-ion concentration is also favorable to formation of 
large spherules. With optimum conditions for their occurrence, 
and with a complete absence of these bodies, the interpretation is 
that the salts found in the bony matrix are not deposited in it by 
simple precipitation from a double decomposition of salts in the 
blood or the tissue. This is purely negative evidence, which, of 
course, is not of the same value as positive evidence, but it seems 
to me forms a very strong point against the simple precipitation 
theory. 

It must be noted, however, that if calcium carbonate is very 
small in amount compared to the amount of phosphate precipitated 
that spherules may not be in evidence, but the whole precipitate 
will be granular, with coarser granules, resembling minute spher- 
ules and interpreted as carbonate interspersed among the masses 
of finer granules formed by the phosphate. It must be empha- 
sized that homogeneous masses such as seen in the bony matrix 
never occurred in any of my experiments, but precipitates, no mat- 
ter how long they were kept, remained composed of distinct dis- 
crete particles. 

Another point against this theory is that it supposes that a 
soluble salt of calcium circulates in the blood to be precipitated as 
phosphate and carbonate in the bone. With the large amount of 
sodium carbonate and soditmi phosphate in the blood, calcium car- 
bonate and phosphate should be formed at once, here and not in 
the bone. But calcium is present in the blood in a greater amount 
than calcium carbonate and calcium phosphate are soluble in water. 
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And so it might appear that cakium can not be carried in the blood 
in the form in which it is later deposited in the bone. Pauli and 
Samec, however, have shown that difficultly soluble salts like cal- 
dam carbonate may have the amount of their solubility in water 
increased to over seven-fold in an albuminous solution, and so it is 
possible that the bone sahs, formed by interaction of the blood salts 
and cakium absorbed into the blood as calcium chloride, might still 
be carried in solution in the blood and deposited in the bone. 

This is closely related to the views of Barille, whose theory is a 
step in advance of this, and is strongly supported by such work as 
that done by Wells. According to this view the cakium is in the 
blood in the form of a double salt formed here, tribasic cakium 
carbonophosphate, PaOgCajHa : 2CO2 ( COjH ) jCa. This is soluble 
in the blood concentration of carbon dioxide. Infiltrating tissues 
like the bony matrix where the carbon dioxide content is lowered, 
this is precipitated and immediately breaks up into calcium car- 
bonate and dicalcium phosphate, which latter salt is converted into 
calcium phosphate, giving the final proportion found in bone of 15 
parts calcium carbonate to 85 parts phosphate. Even by this 
method of precipitation, however, one might expect to be able to 
see the salts in the matrix, and not being able to do so argues in 
favor of their being combined with the matrix. The most impor- 
tant point brought out in this theory is a clear consistent explana- 
tion supported by experimental evidence, as to the fixed proportion 
in the amouBt of the two calcium salts, the carbonate and phos- 
phate, which is always found in their deposition. 

It is interesting to note here the following facts regarding carti- 
lage. Wells has shown that there is an almost specific power in 
cartilage for the absorption of calcium salts. My work is in agree- 
ment with this, for in cartilage extracts there was obtained the 
least amount of precipitation obtained in any of the experiments, 
thus showing the power of the substances in cartilage to hold on 
to the calcium. In spite of this affinity for calcium, however, 
microscopic evidence of developing ossification in bones preformed 
in cartilage shows us that the deposition of calcium is never directly 
in a cartilaginous matrix, but that the cartils^e preceding the bone 
is destroyed and replaced by the organic bony matrix which is of 
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jt fibrous character, and this then has the calcium salts deposited 
in it. 

The final possible explanation of the deposit of bone salts in 
the matrix is the secretory one. Wells and others have been forced 
to the conclusion that there is a selective or specific action of tis- 
sues, such as cartilage or membrane about to ossify, by which 
calcium salts are absorbed or otherwise taken into them, while 
apparently entirely similar areas of cartilage and membrane do not 
ossify at that time or at any later time. From this view of selective 
action it is not a far step to that of secretory action, explaining 
the ossifying process as a secretion of the calcium salts by the bone 
forming cells. It is already generally admitted that the matrix is 
a product of the bone cells, and if this is true, it is quite logical 
to assume that the calcium salts are taken by the bone cells from 
the blood and passed on into the matrix. 

The difficulty in this theory has been to account for the amount 
of phosphate in the tissues. The calcium was looked upon as 
being derived from that carried in the blood, but the phosphate was 
explained as being due to cellular activities, derived either from 
the nucleus or from cellular degeneration. Another difficulty here, 
again, is to explain the fixed ratio of carbonate and phosphate. 
This, of course, could be looked upon as due to the carbon dioxide 
content of the tissue, or as due to the activity of the cell, a definite 
proportion being found in the secretory products here just as in 
other organs of the body. 

It seems to me, however, that the nearest approach to the truth 
is to be obtained by combining two views. The bone salts, I be- 
lieve, reach the tissue as the soluble double salt, tribasic calcium 
carbonophosphate, which by its constitution provides for the tissue 
both calcium carbonate and calcium phosphate, each salt in the 
proper proportion found in bone. I do not believe, however, that 
deposit here is by precipitation, for in the bone, owing to the col- 
loidal matrix, the hydrogen-ion concentration, and the presence of 
lecithin, all conditions are most favorable to a visible and char- 
acteristic precipitate, showing granules and spherules, but there is 
no visible evidence whatever of these bodies. The only evidence 
in favor of precipitation consists of the following two sets of facts : 
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First, Schafer and Pacchioni have described the first appearance 
of bone salts in developing bone in the form of minute granules 
which quickly coalesce. This I have confirmed. This evidence 
could also be interpreted as showing the presence of the salts to be 
due to secretory activity. Secondly, Olivier in a tumor of the 
breast and Pettit in a tumor of the maxilla and also in a renal cyst 
saw and made illustrations of calcospherites. These bodies can be 
explained only as a precipitation phenomena, but they do not afford 
sufficient evidence to prove that this is the process whereby the 
bone salts are deposited. And so these salts, after reaching the 
bone in correct proportions as the double salt above mentioned, 
must be deposited in the matrix by some more subtle process than 
ordinary precipitation. 

Here we have recourse to the secretion theory. The bone salts 
in their proper proportions having been brought to the cell by the 
blood, are taken by the cell and secreted as an integral part of the 
matrix in combination with the ossein, the organic base, which it 
is generally admitted already, is a product of the cells. This will 
produce a matrix uniform in appearance, with salts invisible, and 
provides the proper proportion of each salt, as the cell is in its turn 
provided with the two salts in that exact amount. Histological 
evidence shows that the fibrous matrix appears first in the newly 
forming bone and impregnation with the bone salts begins immedi- 
ately, the salts showing as fine granules at first, and coalescing as 
their quantity increases, to form a homogeneous matrix. 

Reversibility of Calcium Reaction. 
There seems to be evidence that this process of secretion is 
reversible, the bone cells being able to take up the calcium salts 
again. Wells and others have shown that calcium is removed from 
the bones in cases where there is a great demand for it in the body, 
as in pregnancy, or where it is being steadily lost by the body, for 
instance by way of a pancreatic fistula. Also, the osteoclasts re- 
sponsible for the normal resorption of bone are supposed by some 
authors to be only osteoblasts which have changed their function. 
And further, where a graft of either living or dead bone, or a bone 
plate and bone screws are used to repair an injury, a process known 
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as creeping replacement occurs whereby this material is gradually 
absorbeS and replaced by new bone. It has been shown by Gallie 
and Robertson that it is the osteoblasts which invade the graft, 
gradually absorb the old matrix and bone salts immediately sur- 
rounding them, and then replace this by newly formed substance. 

If the bone salts were laid down by precipitation of tribasic 
calcium carbonophosphate due to a change of the carbon dioxide 
content, it seems to me it would be impossible for this precipitate 
to be removed again as easily as Wells states it is, in response to 
the body's need for calcium. Would pregnancy or a pancreatic 
fistula so change the carbon dioxide content of the bone, as to make 
possible a reversal of the conditions that brought about the pre- 
cipitation, and so either provide for increased solubility of the two 
salts or else make possible the recombination of the carbonate and 
phosphate of calcium into the double salt, with its consequent solu- 
tion and carrying off in the blood? 

It seems to me that the carbon dioxide content in the bone will 
not vary enough to permit of such a reversal, as to raise it would 
indicate a high activity in a tissue whose metabolism is low. This 
low-grade activity is given as a reason for obtaining the precipitate. 

The taking of the calcium salts out of the bone probably depends 
on some balance that has to be maintained between the blood, the 
osteoblast, and the bony matrix. If the blood is rich in calcium, 
the cell can take it and pass it on into the matrix. If the blood is 
poor in calcium, the cell to maintain its relation in balance to the 
blood takes from the matrix to add to the blood. This is an 
instance comparable to the relations between the blood and its 
dextrose, and the liver cell and its stored glycogen, to maintain a 
certain carbohydrate balance. 

This view also follows logically upon that of Wells, who regards 
the bony matrix as a great reserve store of alkaline bases for the 
body, where the calcium salts are in a state of flux, being constantly 
added to or drawn upon according to the needs of the body. 
Changes in the bones are much greater in extent and more rapid 
in their occurrence than is generally believed. It seems to me that 
this idea of the reversibility of the direction in which calcium salts 
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pass through the tissues is a most valuable one for the proper com- 
prehension of some of the processes of growth, repair of fractures, 
and changes going on in rarefaction of bony tissues. 

Summary. 

1. Calcium phosphate precipitated in water or in colloidal solu- 
tions is constantly granular and amorphous in character, and 
apparently uninfluenced by the nature of the solution. 

2. Calcium carbonate precipitated in water shows a great di- 
versity of crystalline form ; in colloidal solutions it shows two main 
forms, an irregular crystalline one and a spherical. 

3. Mixtures by simultaneous precipitation of both salts in the 
same solution show each salt separating out independently and the 
part of the deposit formed by each can be easily identified. 

4. Spherule formation by calcium carbonate is a typical reaction 
in colloidal solutions. 

5. Spherules and crystals are influenced in shape, size, number, 
and internal structure by a variety of substances found normally 
or pathologically in the blood, most notably by lecithin which favors 
the formation of large spherules, and by acetone which increases 
the rapidity and extent of precipitation. 

6. The character of the deposit of calcium carbonate is influenced 
by the hydrogen-ion concentration of the colloidal solution, being 
most crystalline in acid media, all in the form of spherules in 
strongly alkaline media, and mixed in form in solutions neutral or 
nearly neutral. 

7. Large spherules, after persisting for months may undergo a 
sort of degenerative process, with change of internal structure, 
after which they dissolve and the material forming them is laid 
down in a crystalline form. As far as I know this phenomenon 
has never been previously described. 

8. In fresh bone of various animals examined in various ways 
there is no visible microscopic evidence of the bone salts, although 
they form two thirds of the mass of the matrix. The inference 
is that the bone salts are not deposited in the matrix by simple 
precipitation, for the conditions are such that, if precipitated, 
granules, spherules, and crystals should be visible. 
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9. In the rapidly developing foetal skeleton the first appearance 
of bone in the matrix is in the form of fine granules or globules 
which quickly fuse or coalesce to form a homogeneous mass. This 
might be interpreted according to the bias of the observer as sup- 
porting evidence either of precipitation or of secretion of the salts 
into the matrix. 

10. The view advanced by Barille and supported by Wells's 
work, that calcium is carried in the blood as tribasic calcium car- 
bonophosphate, is probably correct, as it furnishes the bone salts 
in the proper proportion, but their view of its deposit in the matrix 
as a precipitate due to change in concentration of carbon dioxide 
does not appear correct in view of the fact that no precipitate of 
the bone salts is visible. 

11. The theory that the salts furnished by the blood are taken 
by the bone cells and secreted by them along with the matrix seems 
reasonable in view of the condition found in the matrix. 

12. The action of the osteoblasts seems to be reversible, they 
being able to absorb or take up the calcium salts again out of the 
matrix. 

In concluding this paper I wish to acknowledge my indebtedness 
to others by thanking Professor J. Playfair McMurrich for special 
apparatus and for valuable references, also the following for pro- 
viding material for investigation: Professor W. H. Piersol, Dr. 
R. D. Def ries. Dr. Banting, Dr. Simpson, Dr. Dafoe, and Dr. Low. 
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EXPLANATION OF PLATES. 

Platb I. 

All figures are from camera lucida tracings and are of equal magnification, 
X 300, 80 that the relative size of precipitated particles in each case can be 
compared. Only forms which were common, and appeared in quantity have 
been shown. 

All illustrations are to show forms assumed by calcium carbonate precipi- 
tated from various solutions hy the reagents listed below. 

Fig. X. Crystals of calcium carbonate precipitated by sodium carbonate in 
distilled water. 

Fig. 2. Ciystals of calcium carbonate precipitated by ammonium carbonate 
in distilled water. 

Fig. 3. Crystals of calcium carbonate precipitated by potassium carbonate 
in distilled water. 

Fig. 4. Deposit of calcium carbonate precipitated by sodium carbonate in 
distilled water containing p.i per cent, lecithin. Note small spherules, and 
small crystals, a tendency towards clumping, a veiy large spherule and a large 
rosette. 

Fig. 5. Deposit of calcium carbonate precipitated by ammonium carbonate 
in distilled water containing o.i per cent, lecithin. Spherules of various sizes, 
a marked tendency to fusion, and formation of large irregular masses are to 
be noted. 

Fig. 6. Deposit of calcium carbonate precipitated by potassium carbonate 
in distilled water containing o.i per cent lecithin. Note a tendency to clump- 
ing, various sizes of spherules with some double forms. The last three forms 
indicate one process of disintegration of a spherule, by the occurrence of radial 
lines along which it splits into sectors, which thus become triangular crystals. 

Fig. 7. Deposit of calcium carbonate precipitated by sodium carbonate in 
a solution of egg albumen. Practically the whole precipitate was in form of 
spherules. 

Fig. 8. Deposit of calcium carbonate precipitated by ammonium carbonate in 
a solution of egg albumen. Spherules of varying size are seen, also some crys- 
tals. 

Fig. 9- Deposit of calcium carbonate precipitated by potassium carbonate 
in a solution of egg albumen. Many spherules are seen, and a tendency to- 
wards fusion is noted. 

Fig. 10. Deposit of calcium carbonate precipitated by sodium carbonate in 
a solution of egg albumen containing o.i per cent, lecithin. Note the markedly 
increased size of spherules and crystals and the tendency to fusion. 

Fig. IX. Deposit of calcium carbonate precipitated by ammonium carbonate 
in a solution of egg albuitien containing o.i per cent, lecithin. Note the in- 
creased size of particles, and their tendency to fuse. 

Fig. 12, Deposit of calcium carbonate precipitated by potassium carbonate 
in a solution of egg albumen containing i per cent, of acetone. Crystals and 
spherules both occur. One crystal is seen fused with a spherule. 

Fig. 13. Deposit of calcium carbonate by interaction of calcium chloride 
in a I per cent, gelatin solution with sodium carbonate in a 4 per cent, gelatin. 
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Fields are shown by various sized spherules, of crystals, and of spherules and 
crystals mixed. 

Fig. 14. Deposit of calcium carbonate by interaction of calcium chloride 
in I per cent, gelatin solution with ammonium carbonate in 4 per cent, gelatin 
solution. Spherules of various sizes are seen. 

Fig. 15. Deposit of calcium carbonate by interaction of calcium chloride 
in I per cent, gelatin solution containing o.i per cent, lecithin, with am- 
monium carbonate in 4 per cent, gelatin solution containing o.i per cent, 
lecithin. Note the increase in size of the spherules oyer those shown in Fig. 
14. Three different degrees of fusion are illustrated in the double forms. 

Fig. 16. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of untreated gelatin. 

Fig. 17. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with l^e ^^1 solution. 
Large crystalline precipitate. 

Fig. 18. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with \^ HCl solution. 
Large, markedly crystalline deposit. 

Fig. 19. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with ^x2 ^^^ solution. 
The field shown in this figure was composed for some months altogether of 
clear spherules and a few dumb-bells. The spherules here illustrated are now 
undergoing disintegration and in their place are appearing large crystals. 
Some debris is seen in one comer. One spherule is seen partly from the side, 
showing its true shape to be a disc. 

Fig. 20. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with ^43 HCl solution. 
Disintegrating spherules and new crystals are seen. 

Fig. 21. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with Af/8192 NaOH solu- 
tion. Newly formed crystals and various stages of disintegrating spherules 
are shown. 

Fig. 22. Deposit of calcium carbonate precipitated by sodium carbonate 
in a I per cent, solution of gelatin previously treated with 3^/4096 NaOH 
solution. 

Fig. 23. Deposit of calcium carbonate precipitated by sodium carbonate in 
a I per cent, solution of gelatin previously treated with 3^/2048 NaOH solu- 
tion. Precipitate is all in the form of small spherules which have been in 
constant Brownian movement for six months. 

Fig. 24. A series of spherules showing various stages in the disintegrative 
changes which occur before they redissolve. a, Spherule with small central 
opaque area. 6, Spherule with opaque radial striation extending from central 
spot, c. Spherule with further extension of opaque area, d. Spherule almost 
completely opaque. Narrow, bright, clear periphery, e, Spherule striated 
right out to periphery. /, Spherule like that in d, dissolving both at periphery 
and in center in a regular manner, g. Spherule like that in e, dissolving at an 
irregular rate at the periphery, h, j. Remains of dissolving spherules, and 
debris of some that have fallen apart. 
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Plate a. 

Photomicrographs all taken at a standard magnification, X 200, with dark 
field condenser in use. 

Fig. 25. Crystals of calcium carbonate precipitated by ammonium carbonate 
in water. 

Fig. 26. Calcium carbonate precipitated by sodium carbonate in a solution 
of egg albumen containing N/io sodium chloride. 

Fig. 27. Calcium carbonate precipitated by potassium carbonate in water 
containing o.i per cent, lecithin. Note one double spherule and three large 
single spherules of which the two larger show indications of the radial divi- 
sions which will result in splitting the spherule into crystals of triangular out- 
line. Many small crystals and spherules seen. 

Fig. 28. Calcium carbonate precipitated by ammonium carbonate in water 
containing o.i per cent, lecithin. 

Fig. 29. Calcium carbonate precipitated by potassium carbonate in a solu- 
tion of egg albumen containing i per cent, ethyl alcohol. 

Fig. 30. Calcium carbonate precipitated by potassium carbonate in a solu- 
tion of egg albumen containing 0.05 per cent. urea. 

Fig. 31. Calcium carbonate precipitated by sodium carbonate in a i per 
cent, solution of gelatin previously treated with 1/1024 HCl solution. Clear 
spherules, some seen from side appearing disc-like. 

Fig. 32. Calcium carbonate precipitated by sodium carbonate in a i per 
cent, solution of gelatin previously treated with 1/2048 HCI solution. Some 
crystals are present. Spherules begin to show an opaque central dot, the first 
indication of a coming disintegration. 

Fig. 33. Calcium carbonate precipitated by sodium carbonate in a i per 
cent, solution of gelatin previously treated with 1/5 12 HCl solution. This 
field was formerly all spherules, now some crystals are seen. Spherules are 
far advanced in disintegrative process, are completely opaque, and are dissolv- 
ing, some appearing only as ghosts of their former selves. ' 

Fig. 34. Calcium carbonate precipitated by ammonium carbonate in i per 
cent, gelatin solution containing 0.05 per cent. urea. Rings and striations seen 
in spherules. 

Fig. 35. Calcium carbonate precipitated by sodium carbonate in a i per 
cent, gelatin solution containing 0.05 per cent. urea. Field of very small 
mixed crystals and spherules. 

Fig. 36. Combined precipitate of calcium phosphate and calcium carbonate 
by action of sodium phosphate and sodium carbonate in dog's blood serum. 
The calcium carbonate shows as seven spherules. The calcium phosphate 
shows as a cloud of very fine amorphous granules, which is the form in which 
it precipitated in all experiments. 
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Plate 3» 

Fig. 37. Photomicrograph of a small piece of bone from the growing fe- 
mur of a mouse. The bone cells show as small, oval, opaque bodies in the 
specimen. No discrete particles can be seen in the matrix. Magnification, 
X 200. 

Fig. 38. Outline sketch made with camera lucida, of the growing bony end 
of the diaphysis of the humerus of a six months human foetus. Four zones 
can be distinguished. A, fully formed bone spicules (shown as solid black, 
marrow spaces white, bone and marrow cells not indicated) with calcium salts 
fused. B, osteogenic fibres, impregnated with calcium salts in form of minute 
granules. C, newly forming osteogenic fibres, not yet impregnated with bone 
salts, and cartilage showing changes preparatory to bone formation. D, un- 
altered cartilage. Magnification, X 300. 
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TORONTO 

In adult bony tissues the matrix in which the bone cells are embedded 
appears as a clear homogeneous mass, giving no visible indication of 
the large amounts of calcium carbonate and phosphate which are con- 
tained in it, although these salts form two thirds of its mass. The 
only visible evidence of the presence of these salts is to be found. in 
newly forming, very rapidly growing bone in the fetus, where discrete 
particles, or separate granules, have been recognized. Adult bony tissues 
show only homogeneous fused masses. 

The organic basis of the matrix consists of fibers formed by the 
bone cells, similar to those of white fibrous tissue. In bones preformed 
in cartilage, the cartilage is destroyed at the advancing edge of the bony 
growth and replaced by these fibers, which, immediately on their 
formation, begin to show a deposition of calcium salts in the form 
of very fine, minute granules (Pacchioni,^ Schafer,^ Watt^). These 
granules show only at the extreme advancing edge of the new bone, 
for, as the deposit increases, the granules fuse to form a solid 
homogeneous mass without visible structure, right up to the line of 
formation of the new fibers at the growing periphery. 

The fibers forming the organic matrix of the bone are admittedly 
a product of the bone forming cells. Uniformity of opinion, however, 
is absent as to the mode of deposition of the calcium salts. The 
granules might represent either a precipitation product or a secretory 
one, and three main views are advanced in explanation of the deposition 
of the salts. These are: 

1. The salts are deposited by precipitation in the matrix of a soluble 
salt of calcium, such as the chlorid, by carbonates and phosphates found 
in the tissues. 
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2. A modified precipitation theory, in which a soluble double salt, 
calcium carbonophosphate, is carried in the blood and precipitated in 
the bone by lowered carbon dioxid content in this tissue. The double 
salt immediately breaks up into calcium carbonate and dicalcium phos- 
phate, the latter being quickly converted into the tricalcium phosphate. 

3. The secretion theory explains the presence of the salts as being 
due to cellular activities. Calcium is taken from the blood and com- 
bined with the carbonate radical in the cell, or with the phosphate 
radical, the latter being derived from the phosphorus compounds con- 
tained in the nucleus, either as a normal cell product or as a product 
of degeneration. 

A thorough study of the precipitation of calcium carbonate and 
calcium phosphate in colloids was undertaken, and fresh bone from 
the frog, mouse, guinea-pig, cat, dog, man and human fetus was 
examined to see if any evidence of precipitation was available. The 
results of this work have been published in full.* 

■ The results of this research, briefly summarized, may be stated as 
follows. It was found that bone salts precipitated in colloids behave 
in a very definite manner. Calcium phosphate is always amorphous 
and granular, just as in aqueous solutions. Calcium carbonate, on the 
other hand, shows a very characteristic change. It has its typical 
crystalline shape modified or deformed, and it shows a large proportion 
of the particles composing the precipitate in the form of spherules, 
rounded bodies and circular disks (Rainey," Harting,** Biedermann,^ 
Watt'). In mixtures of the two salts, each is easily identified in its 
typical form. Accessory substances present, such as urea, lecithin, and 
sodium chlorid, found normally in the blood and the tissues, favor 
precipitation and spherule formation. The hydrogen-ion concentration 
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of the blood and the tissues favors formation of large spherules, so 
that the carbonate especially can be very easily identified if precipitated. 
Small deposits of calcium carbonate in a large amount of phosphate may 
fail to show as spherules, but remain in the form of coarse granules 
somewhat darker and differing in appearance from those of calcium 
phosphate. The granules always remain discrete, however, and I have 
never seen an example of fusion into homogeneous plates or masses 
such as are found in fully formed bone. 

Examination of bone failed to disclose either spherules, crystals or 
any discrete particles of bone salts except in the rapidly growing end 
of fetal bones, as described above, where small particles, which quickly 
fused, were seen. The literature records no results of this kind except 
in two isolated cases of bone tumors (Pettit,* Oliver®) where some 
spherules were found. The conclusions to be drawn from these facts 
are given below. 

Considering the various foregoing theories, the arguments in favor 
of or against them may now be considered. 

PRECIPITATION THEORY 

In favor of this theory is its plausibility; against it are a great 
array of facts. Bone salts do not take the form in the colloidal bony 
matrix in which they invariably appear in colloids, even in one so 
nearly related to bone as gelatin. There is a fixed proportion of 
carbonate to phosphate in bone, carbonate 15 parts, by weight, and 
phosphate 85 parts, as proved by Wells.^® Precipitation will not explain 
this fixed proportion. 

There is also no reason why the bone salts should not be formed 
in the blood before ever reaching the bone, from the reaction of the 
absorbed calcium chlorid with the blood salts sodium carbonate and 
phosphate. It might be argued that such insoluble salts of calcium 
could not then reach the bone, but it is a fact proved by Pauli and 
Samec ^^ that the salts calcium carbonate and phosphate are soluble in 
an albuminous solution in seven times or more the amount of their 
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solubility in water, so that they could be transported in this form in 
the blood. This, therefore, leads naturally to the next theory. 

THE CARBONOPHOSPHATE THEORY 

Barille ^^ has given fairly conclusive evidence that there is formed 
in the blood a salt known as tribasic calcium carbonophosphate 
(PaOgCajHa: 2C02[C08H]2Ca), which is soluble in the blood concen- 
tration of carbon dioxid. Wells believes that on coming to bone where 
the carbon dioxid content is low, this double salt precipitates, breaks 
up and finally is converted into 15 parts calcium carbonate and 85 parts 
calcium phosphate ; experimental facts have been adduced in support of 
this view. The strong point of the theory is that the two salts are 
brought to and laid down in the bone in exactly the right proix)rtions. 

Now Wells has shown that calcium salts in bone are in a state of 
flux, acting as a great alkali or basic reserve, which can be drawn upon 
if the body needs increased calcium, as in the case of a pregnancy, or 
if it is losing calcium steadily, as from a pancreatic fistula. This, of 
course, demands some change in the condition in the bone which will 
operate to put the salts into solution. Unless they can dissolve directly, 
which is very unlikely or they would not remain deposited, then we 
should expect some sort of reversal of the mechanism of deposition ; the 
carbon dioxid content of the bone would rise and the double salts be 
reconstituted to pass in solution out of the bone. This is a very unlikely 
change, as the metabolism of the bone will not change sufficiently to raise 
the carbon dioxid thus, the naturally low content being given as the 
reason for precipitation. 

A second argument against deposition by this modified precipitation 
reaction is that crystals and spheniles of calcium carbonate, or at least 
granules, might be expected when the double salt breaks up, but they 
do not appear, although conditions in the bone are at an optimum for 
their formation. 

SECRETORY THEORY 

The fine granules, the form in which the bone salts first appear in 
the rapidly growing osteogenic fibers, might be interpreted as a secre- 
tory phenomenon. The carbonate radical has been explained as being 
derived from the carbon dioxid in the tissue, the phosphate radical from 
nuclear activity or from phosphorous compounds freed by cellular 
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degeneration. This explanation does not account for the fixed propor- 
tions between the two salts, and it also gives an unsatisfactory origin 
to the phosphate radical, considering the large amount of the salt 
present. The secretory view does explain, however, why no precipi- 
tation phenomena are to be seen, why the salts appear in fine granules 
in or on the osteogenic fibers and rapidly fuse into a homogeneous and 
apparently structureless mass. 

It seems to me that the most logical complete explanation of the 
deposition of the bone salts is therefore to be obtained by combining two 
of the foregoing views, as follows : Evidence is in favor of the calcium 
being carried in the blood as the soluble double salt, calcium carbono- 
phosphate. This, I believe, correctly explains the carrying of the salts 
to the bone, to which it supplies both carbonate and phosphate in 
exactly the proper proportion. But from this stage onward, evidence 
is in favor of the view that this salt is taken from the blood and 
deposited in the bone by the action of the osteoblasts. 

This view also provides for a reversibility of the direction of travel 
of the calcium. The cell may take up the bone salts and pass them back 
into the blood, a process which is well known and recognized in bone 
absorption. Grafts of bone, dead or living, used by surgeons in opera- 
tive repairs of bone (Gallic and Robertson") are invaded by osteo- 
blasts from the healthy surrounding bone, and these cells absorb the 
graft and replace it by new bony tissue formed by themselves, this 
process being known as creeping replacement. Moreover, when the 
body is being robbed of its normal supply of calcium, as it is during 
pregnancy or in the case of a pancreatic fistula, there is rarefaction of 
the bones by the taking up of bone salts from them. If osteoblasts are 
to be given the credit for the removal of bone by "absorption," as most 
workers in this field have called the process, I see no reason why the 
reverse process of bone formation by secretion cannot also be credited 
to them. A further argument in support of this view is that the osteo- 
clasts, the absorbing agents of normal bone, are believed by many to be 
only modified osteoblasts. 

REVERSIBILITY OF THE TRANSPORT OF CALCIUM 

These facts also suggest that there is maintained in the body a certain 
calcium balance similar in its workings to the well known carbohydrate 
balance. The carbohydrate balance is between the sugar content of the 
blood, the liver cell, and the liver's reserve store of glycogen. Sugar is 
removed from the blood by the hepatic cells and deposited as glycogen 
when the content in the blood is high. The reaction is reversed when 



13. GaIHe, W. E., and Robertson, D. E. : The Transplantation of Bone, J. A. 
M. A. 70:1134-1140 (April 20) 1918; The Repair of Bone, Brit. J. Surg. 7:211- 
261, 1919. 



the blood is poor in sugar. Similarly, with a normal calcium content 
in the blood, the osteoblasts can obtain and deposit bone salts, but with 
blood poor in calcium the reaction will be reversed, salts being removed 
from the bone to raise the calcium content of the blood toward normal. 
The calcium in the bones is thus a great alkali reserve in a state of 
flux, with an interchange of material more frequent than has been 
fortnerly supposed, thus bringing the bones more into line with other 
living tissues. That bone is an active living tissue with cells full of 
vitality has been shown in many ways, and is being realized more and 
more, especially by surgeons. The old idea, that bone is an inert mass 
and that material once deposited in it remained for many years or until 
that part of the bone was destroyed in growth processes is no longer 
wholly tenable. 

This shows the importance of keeping up a normal calcium supply in 
the blood in children, and in those suffering from fractures and diseases 
of the bones; it bears out the clinical observations that foods and 
medicines rich in calcium and in phosphates aid in proper skeletal 
development in children, and also in the repair of fractures. 

DIFFERENCES IN CALCIFICATION 

The foregoing views imply a. vital, specific action of the osteo- 
blasts. There is no more reason to doubt this than to doubt the 
specific action of any other secretory cell. A further indirect proof of 
this activity may be obtained by attempting a comparison of ossification 
with calcification. Wells states that calcium salts are deposited in 
identical proportions in both cases, the salts in a calcified area being 
exactly the same as in a bone matrix. The difference lies in the matrix, 
in bone being a regular system of collagenous fibers formed by the 
osteoblasts, in calcified areas being either old and dense, white, fibrous 
tissue or areas of necrosis. In all cases, the matrix for the deposit 
is one of low grade activity, with a small carbon dioxid content, allow- 
ing the precipitation of the carbonophosphate which infiltrates the tissue. 

This view is correct as far as it goes, but it does not reach far 
enough. I believe calcium salts are transported as the complex carbono- 
phosphate and so reach the area of deposit in the exact proportion in 
which they are found. Here, however, differences occur. The bone 
shows no visible evidences of precipitation. Small pieces of fresh, 
unaltered bone, examined microscopically by Bast's method,** are trans- 
parent and homogeneous, and show no discrete particles and no visible 
structure apart from the bone cells. Areas of calcification show a 
characteristic deposit which is not homogeneous. Calcified areas in 
arteries have an appearance as though formed of incompletely fused 
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masses of granules and sometimes show irregular crystalline masses, 
and in one calcified pineal gland undoubted calcium carbonate spherules 
were identified by me in considerable numbers. The bony matrix can 
be rarefied and its salts removed, but as far as I know there is no 
evidence of the absorption of calcified areas, but these, once formed, 
tend to persist. The main difference in the deposition of the salts in 
the two cases depends on the presence or absence of the osteoblasts. 

The first appearance of a deposit of calcium salts in bone is in the 
form of very fine granules in or on the newly formed fibrous base. The 
granules quickly fuse to a homogeneous mass. Such a phenomenon 
may be interpreted either as a secretory or a precipitation process, 
according to the bias of the observer. In view of all the previously 
cited facts, I inclined to the view of a secretory origin, the bone cells 
being the active agent for putting these salts into the matrix. 

On the other hand, in calcified areas, it follows, in view of the 
differences from bone mentioned previously, that Wells is correct in 
stating that in these cases the phenomenon is a precipitation. The 
soluble double salt infiltrating a necrotic area, or mass of old white 
fibrous tissue, enters an area low in carbon dioxid and precipitates. The 
fact that there are no osteoblasts here to cause removal by cellular 
activity and that the carbon dioxid content of these areas cannot be 
easily raised explains the permanence of the deposit, removal not being 
possible without increased solubility which requires increased carbon 
dioxid. 

SUMMARY 

1. Calcium phosphate and calcium carbonate show characteristic 
easily identified shapes of particles when precipitated in colloids. 

2. The bone salts are not present as discrete particles in bone, and, 
even in rapidly growing parts, show no evidence of being deposited 
by simple precipitation. 

3. Barille has shown that calcium salts are transported to the bone 
in the form of a complex double salt, calcium carbonophosphate. 

4. Evidence favors the view that the salts in bone are deposited by 
activity of the osteoblasts, as a secretory phenomenon. 

5. The direction of travel of the calcium salts can be reversed. 
They can be taken from the bone to raise the blood content when it is 
low. There is evidence of the presence of a calcium balance between 
bone matrix, osteoblasts and blood similar to the carbohydrate balance 
between glycogen, liver cell and blood. 

6. In calcification, the same salts are present as in ossification and 
in the same proportion. The difference is that osteoblasts are absent, 
and instead of a bony matrix there is an area either of fibrosis or 
necrosis. 
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7. There is evidence that calcification is a precipitation phenomenon, 
and in support of this view discrete characteristic spherules of calcium 
carbonate have been seen in a calcified pineal gland, as well as granules 
and irregular crystalline masses in calcified areas in the walls of arteries. 

8. The presumption is that as its origin is by precipitation a calcified 
area is permanent and neither will it disappear nor will it show rare- 
fying changes such as may be seen in bone. 
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A HUMAN EMBRYO OF THREE PAIRS OF SOMITES 
The Ovum and its Technical Preparation 

This specimen was obtained at the post-mortem examination of 
a Chinese woman, aged 26 years, who had been admitted in a 
moribund condition to the Tung Wah Chinese Hospital, Hong 
Kong. Death was due to streptococcic pneumonia. 

Because the uterus was congested and slightly enlarged it was 
placed in ten per cent formalin and some hours later was brought 
to the attention of Dr. A. V. Greaves, pathologist of the hospital. 
Opening the uterus a rounded swollen area of mucous membrane 
was evident and a block of tissue including this and the underlying 
muscular coat was removed. The block was then passed through 
Kaiserling's fluid I into ninety-five per cent alcohol and later into 
Kaiserling's fluid II in which it remained, until Dr. Greaves, passing 
through Toronto, donated it to this laboratory. At some stage 
after the initial preservation a portion of the block had been sliced 
away opening the chorionic cavity but not touching the body stalk 
or its attached vesicles. 

Inspection of that surface of the block which included the 
window into the chorionic cavity showed considerable separation 
of the chorion and its villi from the decidua basalis and decidua 
capsularis. Firm attachment was chiefly to the decidua marginalis 
of one side. Sections show some portions of villi attached to the 
deciduae but torn away from the chorion by shrinkage. The 
interior of the chorion seemed void of magma and its inner surface 
was smooth and even except for some low, rounded irregularities of 
the basal chorionic wall. On sectioning, these proved to be the 
body stalk and yolk sac, the amnion with the contained embryonic 
shield lying between yolk sac and chorion. Evidently pressure 
from some source had flattened the vesicles. Sections show also 
that the base of the body stalk is partly torn away from the chorion 
and that the right side of the embryonic shield is slightly indented 
just posterior to its middle. 

The block was sectioned in paraffin, the plane of the sections 
being parallel to the elevations noted in the chorionic cavity and 
perpendicular to the wall of the uterus. Fortunately this yielded 
almost truly sagittal sections. The majority of the sections were 
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4 Early Human Embryo 

alternately thicker and thinner than the eight microns at which the 
microtome was set. This difference in thickness was neglected in 
constructing the model, for the combined thickness of any two 
consecutive sections is sixteen microns. The sections involving 
the vesicles and parts adjacent were mounted serially, the remainder 
singly, for class use, but have been studied for points upon which 




Figure 1. — ^The embryonic vesicle and the deciduae in situ upon the mus- 
cular coat of the uterus. Sagittal section of the embryonic shield and adnexa. 
X5. 

they might have a bearing. Most of the sections were stained with 
Ehrlich's haematoxylin and eosin, some by Mallory*s triple stain 
with'phosphotungstic acid. 

A model was constructed by the wax-plate method at an enlarge- 
ment of 125 diameters. The plates were assembled in four groups 
to permit examination of the interior, which was further facilitated 
by cutting loose, in three of the groups, the roof of the amnion and 
the adjacent wall of the chorion. To stiffen the model each of the 
seven parts so obtained was coated with shellac, allowed to become 
almost dry, then dusted with powdered graphite and heavily 
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electroplated with copper. So treated even the thinnest parts 
retain their form in summer heat. A second similar model was 
made to show the mesoderm and pericardial cavity of the right 
side. 




'!R-*-«pi«'<^ 



Figure 2. — Paramedial section. In the embryonic disc three somites appear 
in the middle of the strip of mesoderm. The pericardial cavity is to be seen near 
the anterior end of the strip. X 60. 

A Exocaelom E Intervillar spaces, villi, tropho- 

B Yolk sac, flattened blastic masses 

C Cavity of amnion F Body stalk 
D Wall of chorion 



The history of this embryo furnishes no menstrual or other data 
from which an approximate age in days might be calculated. 
Ranked by the number of somites formed it stands as in table I. 
Ingalls estimated the age of his embryo at 18-21 days and Ludwig, 
his embryo, at about 21 days. 

The studies listed here together with several others have 
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established the general picture of human development at the time 
the first few somites are forming. Only exceptionally fine preserva- 
tion would justify an exhaustive description and discussion of 
another ovum of comparable development. However, for many 
developmental features the limits are not established within which 
variations may be considered as normal. This is particularly the 
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Da I 


Ludwig 1928 




2 


1.8 mm. 


2.4 mm 


CC 1878 


Ingalls 1920 
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1.38 


1.77 


H3 


Wilson 1914 




2—3 


1.64 




T439 


Piersol 1939 




3 


1.28 


2.03 


H279 


Bartelmez and Evans 


il926 


4 


1.75 


2.05 


A 


Sternberg 1927 




4 


2.3 




Cs 


Llorca 1934 




4 


1.6 


2.6 



Ludwig describes a somite-like arrangement of cells in the mesoderm 
immediately anterior to the somites of his embryo but does not consider it a true 
somite. In this he follows the dictum of Rabl, "Der erste Urwirbel in der Reihe 
ist also der ^Iteste, vorn und hinten scharf begreazte" (Arch. f. mikr. Anat., 
vol. 88, S 452). Llorca questions the correctness of this conclusion and Arey 
quite rejects it. Similarly this embryo, T 439, was first reported (Anat. Rec., 
vol. 67, Suppl. 3, p. 38) as of two pairs of somites, but the writer now follows 
Arey in considering the proper number to be three. The surface measurements 
of Ingalls' and Llorca *s embryos are calculated from their figures. 

case as regards the stages of development attained simultaneously 
by the different parts of the ovum. To the solution of such prob- 
lems cases in which a known abnormal factor has been operative 
may contribute valuable information. In the present case this 
factor is development for at least two or three days at the high 
temperatures accompanying pneumonia in a young and previously- 
healthy adult. This description will pass over or touch but briefly 
the features of this embryo — to be known as T 439 — which have 
no special points of interest. 

Deciduae 

Decidua basalis — The deeper and middle parts of the glands 
retain the form of their pregravid phase (0*Leary, 1929) but the 
parts in the compact layer are flattened with their long axes parallel 
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to the chorionic wall. In proportion as the ovum is approached the 
K^andular cells increase in size with a fine vacuolation of the cyto- 
plasm becoming more and more evident. Some of these cells fall 
into the lumina where they meet with secretion and in some cases 
with blood. 

Near the muscular coat the tunica propria closely resembles that 
of the non-pregnant uterus but, moving toward the ovum, an 
increasing proportion of the connective-tissue cells begin to enlarge 
and within the compact layer attain the status of decidual cells. 
Concurrently the stroma becomes oedematous and leucocytes are 
more evident. Nearing the wall of the implantation cavity small 
groups of blood cells appear in the tissue spaces, to be succeeded by 
large extravasations close to the wall or even partly between its 
lamellae. 

Near the wall syncytial formations occur which are derived from 
both Grosser's implantation syncytium and his resorption syn- 
cytium. The former, if small, occur as rounded masses but tend 
to be irregular when large and in any case show evidences of 
degeneration. Frequently their nuclei are very numerous, solid, 
irregular, and dark staining but in more advanced stages are 
distended permitting the nucleoli to become prominent. The 
cytoplasm is pale and contains vacuoles which vary within wide 
limits as regards both number and size. In general these masses of 
syncytium present the various stages of an increasing hydration. 
Leucocytes have invaded some of the masses. Resorption syn- 
cytium in the form of strands rather than of masses is seen insinuat- 
ing itself among the elements of the tunica propria and in the act 
of invading glands and veins, but not arteries. Pycnotic nuclei 
are numerous in these strands but degeneration is much less advanced 
than in the masses of implantation syncytium. As to the effect 
of the ovum on the surrounding tissues, it may be said that the 
picture is one of mutual, but not violent, injury by maternal and 
embryonic elements. 

The larger masses of less altered tunica propria contain arteries 
so elaborately coiled that to label them "spiral arteries" greatly 
understates the condition. Veins are numerous but mostly small. 
Areas of endothelium have been shed from the walls of the larger 
veins, but the walls of the capillaries are usually intact. As in 
Greenhiirs (1927) specimen, contact between tunica propria or 
syncytium and blood does not as a rule cause clotting. Teacher 
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(1925), however, in his younger ovum, T-B I, found clotting in 
some cases. 

Decidua marginalis — In obtaining the specimen much of the 
decidua marginalis was lost from that part toward which the 
anterior end of the embryonic shield is directed. This is not 
without compensating advantage for it released the opposite side 
from the tensions of shrinkage and preserved there the normal 
relations of villi, cell columns, and mucosa. 

Comparing like parts, the glands resemble those of the basal 
decidua except that near the ovum their long axes curve con- 
centrically with the wall of the implantation cavity, a condition 
which has frequently been described. 

The largest vein in this specimen occurs in this region and may 
be the equivalent of Teacher's sinus. A somewhat marginal posi- 
tion for this sinus is seen also in Greenhill's specimen. 

Decidua capsularis — Measurements made on the section which 
coincides with the median plane of the embryonic shield give the 
decidua capsularis a thickness of approximately 0.5 mm. The 
slight local variations in this and in other sections are without 
significance. No operculum or other indication of the point of 
penetration by the ovum could be found. A similar failure in an 
even younger specimen was noted by Latta and Tollman (1937). 

A few small losses of uterine epithelium have occurred but the 
greater part of it is intact. In some regions the epithelial cells are 
cubical, in others they are flattened; a condition which has been 
noted in other specimens. While numerous remnants of glands are 
present in the peripheral parts of the decidua capsularis, only a few- 
glandular fragments are contained in a central region with an 
average diameter of 5.0 mm. The flattening noted for the epi- 
thelium extends to the nearby elements of the tunica propria but 
is not shown by those further from the surface although the deeper 
elements must have been subjected to an almost equal tension by 
the expanding ovum. The opposite wall of the uterus may so press 
upon the projecting mound formed by the ovum and decidua 
capsularis as to be an important factor in flattening the more 
exposed parts of the latter. 

In general, Greenhill's description of the capsular tunica propria 
applies to the present specimen. However, degeneration of the 
decidual cells is not here so far advanced nor, compared with the 
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stratum compactum elsewhere, are small blood vessels markedly 
less numerous. There are no large blood vessels. 

The wall of the implantation cavity — The thickness of the con- 
centric layers which form this wall is highly variable; moreover a 
thin area in one layer need not be compensated for by increased 
thickness in the others. The outermost layer is composed of 
fibrinoid (Nitabuscher Fibrinstreifen, Grosser, 1909) derived chiefly 
from degenerating maternal elements including the ground sub- 
stance of the tunica propria. Some fibrinoid is usually considered 
to be derived from degenerated implantation syncytium but no 
such contribution can be recognized in this specimen for, under 
Mallory's stain, even the syncytium w^hich is most advanced in 
degeneration does not approach the clear blue of the fibrinoid. 

The succeeding layer (Rorscher Fibrinstreifen, Grosser, 1909) 
is true fibrin of maternal origin. It closely resembles fibrinoid in 
colour when stained by haematoxylin and eosin, but under Mallory's 
stain its strong red clearly distinguishes it from fibrinoid. It is also 
more regularly lamellar in structure and includes many red blood 
corpuscles. These, however, may be present in smaller numbers 
in the fibrinoid. 

Resorption syncytium forms the third layer and is present in 
much the greater part of the wall. However, the separations 
resulting from shrinkage have damaged it in many places and, in 
addition, gaps in its continuity exist where no separation has 
occurred. Latta and Tollman (1937) note gaps in the resorption 
syncytium as it covers the cell columns. There is a strong ten- 
dency, perhaps due to the rapid growth of the implantation cavity, 
for the syncytium of this layer to become resolved into small cell-like 
bodies slightly, or not at all, connected with their neighbours. 
In such cases the deep staining of the layer is retained and clearly 
distinguishes these bodies from the pale cells of the cytotrophoblast, 
the only elements nearby with which it might be confused. Prolon- 
gations from this layer penetrate the two outer layers of the wall 
and extend deeply into the tunica propria where they frequently 
break into elongated cell-like bodies, probably the equivalent of the 
"syncytial wandering cells'^ of Ramsey (1938). 

The innermost layer of the wall is cytotrophoblast continuous 
with the cytotrophoblast of the cell columns. As a layer it is even 
less complete than the third. It is not possible to detect which 
gaps are natural and which have arisen through shrinkage, although 
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in some cases there is an obvious "fit" between the gap and the 
end of the cell column opposite. Cytotrophoblast is lacking near 
the centre of the decidua capsularis. Here, over an irregular area 
about 1.8 mm. in diameter, it is replaced by a few layers of leu- 
cocytes that rest on five to fifteen lamellae of fibrin between which 




Figure 3. — A strand of resorption syncytium penetrating the fibrin (pale) 
and fibrinoid (black) layers of the wall of the implantation cavity and terminating 
in the adjacent tunica propria. X 800. 



lie many other leucocytes. Between ^me of the deeper lamellae 
of this area are fragments of resorption syncytium. The impression 
given is that an exudate of maternal origin has broken up the 
syncytium and inserted itself between the syncytial remnants and 
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the cell columns. The latter, as masses of cytotrophoblast, are 
left clinging to the neighbouring villi which, in turn, have with- 
drawn from the decidua capsularis. 
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FiGURE 4. — Layers of fibrin and leucocytes replacing the usual constituents 
of the wall of the impl mtation cavity. Beneath is the tunica propria of the 
decidua capsularis. X 340. 



Chorionic Wall and Villi 

As may be seen from figure 1 no region of the chorionic wall is 
devoid of villi. They are shortest and least numerous under the 
central part of the decidua capsularis, longer and more numerous 
over the decidua basalis, and in the marginal region reach their 
maximal development in number, length, and branching. F'igure 5 
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shows the longest and most branched of all the villi and comes from 
the uninjured marginal area. Many villi are unbranched. 

Trophohlast — The combined thickness of resorption syncytium 
and cytotrophoblast varies from 0.008 to 0.015 mm. But few gaps 
exist in the resorption syncytium on the cell columns and villi. 
The typical brush border of the syncytium may usually be detected, 
most easily in Mallory-stained sections; but it may be lacking and 




Figure 5. — The most highly developed villus of the specimen. Shrinkage 
has caused the mesoderm of the chorionic wall (A) to break away from that of the 
villus. Angioblastic cords are seen within the latter. Trophoblastic cell columns 
join the villus to the tunica propria just visible below. X 55. 

in a few places on the cell columns the syncytium itself fails. 
Masses of syncytium with rounded outlines project from many villi 
and in some cases from masses of cytotrophoblast. That very little 
syncytium lies free in the intervillous spaces may be established by 
tracing susj^ected masses through consecutive sections. In this 
specimen all these syncytial masses, both loose and attached, show 
the evidences of degeneration that have been frequently described; 
their brush borders, where present at all, are coarser than on the 
syncytium of the villi. 
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The single layer of cells that forms the cytotrophoblast of the 
villi is usually distinct from the syncytial layer, for its cells contain 
larger nuclei and a scanty cytoplasm in the form of pale-staining 
strands that run between nucleus and a well-marked cell membrane. 
However, there are villi in which these distinctions fail; a condition 
which Greenhill found on the cell columns and interpreted as a 
stage in the conversion of cytotrophoblast into syncytium. The 
masses of cytotrophoblastic cells, whether merely attached to 
villi or in the form of cell columns, frequently contain cavities some 
of which open into the intervillous spaces and have thence received 
a content of maternal blood cells. Syncytium in small amounts 
may also penetrate into the cell masses. Degeneration of the 
central cells of a mass was noted by Greenhill and is quite clearly 
seen in this specimen. Some of the cavities so produced contain 
material that under Mallory's stain assumes the blue colour of 
fibrinoid. 

It is perhaps due to the rapid expansion of the chorion that the 
growth of the trophoblast of its wall does not become exuberant 
and produce projections of cytotrophoblast and syncytium similar 
to those arising from the villi. Between the trophoblast of the 
chorionic wall and that of the villi there are no other significant 
differences. 

Mesoderm — Shrinkage has slightly separated mesoderm and 
trophoblast throughout most of the chorionic wall. In thickness 
the mesoderm varies between 0.04 and 0.1 mm. but usually is very 
close to 0.06 mm. It presents its typical structure, Mallory's stain 
aiding greatly in distinguishing the slender processes of the cells 
from the delicate fibres of the intercellular spaces. Next to the 
trophoblast in both chorionic wall and villi these fibres form a 
basement membrane which is carried away from the trophoblast 
by shrinkage. 

In a wide area surrounding the attachment of the body stalk 
to the chorion the mesoderm contains strands of connected cells 
that stain strongly — the angioblastic cords of Bremer (1914). 
Such pictures as his figures 9 and 10 and M*Intyre's (1926) figure 3, 
Plate 1 are frequent in both chorionic wall and villi. The nearer 
to the body stalk the more advanced is their development. Begin- 
ning distally from the body stalk the succession is solid strands, 
strands with a double row of nuclei, strands that show a lumen, 
and finally strands with blood cells in the lumen. The earlier of 
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these stages were found already in existence by Stieve (1926) in 
his embryo of 133^ days' development. 

Between the amnion and the chorion and near the median plane 
there is a spherical body 0.075 mm. in diameter with a lumen 0.016 
in diameter. The lumen is surrounded by a simple epithelium of 
large cubical cells. Outside the epithelium is a thin layer of delicate 
fibres and cells which resemble those of the chorionic mesoderm. 
At one side these fibres and cells form a short stalk which connects 
with the adjacent mesoderm of the chorionic wall. A few other 
projections from the chorionic mesoderm are found in the same 
region but none so large or so definitely formed as this small cyst. 
All are probably without significance. 

Body Stalk, Amnion, and Yolk Sac 

The body stalk contains proportionately more cells than the 
chorionic mesoderm, an impression deepened by the presence of blood 
islands and of vessels containing numerous blood cells. The lower 
surface of the stalk is covered by a continuous layer of cubical 
mesothelial cells which, in a few situations, form funnels as described 
by Bremer. Most of the upper surface is covered by the cubical - 
celled ectoderm of the amnion, the wall of which is fused with the 
stalk. A small part of the upper surface near the base of the stalk 
is not so covered but is torn and compressed and the nature of the 
superficial layer is not clear. The stalk contains no trace of an 
amniotic duct, in this regard resembling Ludwig's embryo. 

The network of blood vessels in the body stalk has meshes but 
little wider than are the vessels themselves. Injury and faulty 
preservation combine to render impossible an accurate and detailed 
account of the network. It may be noted, however, that longi- 
tudinal vessels of endothelium are the most conspicuous but trans- 
verse links can be detected along with slender branches extending 
in all directions from the base of the stalk into the wall of the 
chorion. Only a few villi receive branches from this network. 
Those which do may be known by the presence of blood cells within 
their vessels, while just beyond this area lie villi with empty 
endothelial tubes ready to be taken into the system. No vessels 
as yet enter the embryonic shield or communicate with the blood 
islands of the yolk sac. 
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^lagma containing a few blood cells, evidently escaped from 
injured vessels, is seen in the tear at the base of the stalk and along 
its lower surface. 

Amnion — Pressure from below has driven the roof of the amnion 
ajj^ainst the chorion. A consequent lengthening of the transverse 
and antero-posterior diameters of the amniotic cavity might be 
expected but cannot be more than slight for these diameters are 
but 0.03 mm. and 0.17 mm. respectively greater than those of the 
shield itself. 

The structure of the wall of the amnion is most clear where the 
amnion is not in contact with the chorion. At such places the wall 
consists of an inner epithelium of cubical cells and an outer meso- 
thelium the cells of which vary from flat to cubical. The flat cells 
predominate in all the more central parts of the membrane but 
with patches of cubical cells interspersed. Moving away from the 
centre the proportion of cubical cells increases until at last all are 
cubical. A few isolated mesodermal cells lie between these inner 
and outer layers and constitute the only equivalent of mesenchyme. 

Anteriorly there is an abrupt transition from the cubical-celled 
mesothelium of the amnion to the flat-celled mesothelium of the 
yolk sac. Posteriorly where the amnion covers the body stalk the 
mesothelium along the line of fusion rapidly becomes irregular and 
breaks into groups of cells which put out processes and thus even- 
tually blend with the mesenchyme of the stalk. 

The yolk sac has been stretched and ruptured anteriorly, prob- 
ably by the increased internal pressure when the sac was flattened. 
In the less injured parts of the wall of the sac inner endodermal and 
outer mesothelial layers, mostly of flat cells, are easily recognized 
and between them numerous blood islands with endothelial walls. 
Many islands have been broken into and their blood cells lie within 
the cavity of the yolk sac and, in smaller numbers, outside as well. 
Toward its posterior parts the wall becomes stouter, blood islands 
cease, and the flattened cells give way to cells of cubical form. 

The Embryonic Shield 

The following measurements were made from the sections or 
calculated from the model. 

Length antero-posteriorly, in a straight line, 1.28 mm., following 
the curved surface, 2.03 mm. 
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Greatest transverse diameter, in a straight line, 0.64 mm. follow- 
ing the curved surface, 0.72 mm. 

The greatest length of the amniotic cavity being only 1.45 mm. 
and its width 0.75 mm. it is obvious that much of the curvature 
of the embryo is natural, a conclusion quite in agreement with the 
form of many other embryos (cf. Ingalls, Fig. 1) of approximately 
the same stage of development. Measurements of the flattened 
yolk sac have no value. It is probable that some amount of 
flattening pressure was exerted on the neural plate for the neural 
groove, so deep in many embryos, is everywhere shallow. 




Figure 6. — The model viewed from above. The chorion and part of the 
body stalk are shown in black. Stumps of villi appear on the model but do not 
show in the figure. The chorion and roof of the amnion have been cut away- 
over the remainder of the model along with the left half of the body stalk. The 
neural plate (white) is bordered by the cut edge of the amnion (A). An indenta- 
tion of the right side of the neural plate affects also the amnion between which 
and the chorion may be seen a small part of the yolk sac. A much larger area 
of yolk sac is seen at B. X 5/16. 

Ectoderm — Neither the gross form of the neural plate nor its 
cellular detail are sufficiently well preserved to yield information 
as to the neuromeres or the grouping of cells within it. However, 
the three to five cell layers mentioned by Sternberg are clearly 
present in the more anterior parts of the plate; a smaller number, 
two or three layers, characterizes the posterior part. Nuclei larger 
than the average and containing one or two nucleoli are to be seen 
in the lower layers of the plate and indicate the positions of neuro- 
blasts. The ectoderm which lies just beyond the margins of the 
plate consists of a single layer of columnar cells, while at the margins 
of the shield the cells are cubical in form. 

The endoderm consists of a single layer of cells directly con- 
tinuous with the sides of the notochordal plate. Beneath the 



Early Human Embryo 17 

somites and in the regions posterior and lateral to them the endo- 
dermal cells are flattened. Anterior to the somites, and especially 
in the region where the foregut will soon take shape, the cells are 
cubical or even columnar. Sternberg notes a similar change as the 
endoderm enters this region. In the median plane at points just 
dorsal to the pericardial cavity there is in two sections a marked 
projection of endodermal cells forward toward the ectoderm which, 
however, is not quite reached. Sternberg describes an even closer 
approach at this spot and interprets it as the pharyngeal membrane. 
In the median plane the anterior wall of the foregut is indicated 
by a vertical portion of the sheet of endoderm but folding has not 
as yet produced any part of the ventral wall ; neither is there any 
indication of side folds. In contrast to this the posterior part of 
the gut is completed to a length of 0.18 mm. and contains on its 
posterior wall the primitive knot, the cloacal membrane, and the 
opening of the allantois. 

NOTOCHORDAL PlATE, PRIMITIVE KnOT, AND AlLANTOIS 

The notochordal plate is formed of a single and compact layer of 
columnar cells and has a breadth of 0.056 mm. narrowing to 0.048 
mm. anteriorly and posteriorly. Its anterior quarter is bent 
slightly to the left — 0.048 mm. at its extreme end — and its posterior 
fifteenth an equal amount, hence more sharply, also to the left. 
Its entire length measured along its curves is 1.6 mm. The plate 
is set in the sheet of endoderm which nowhere extends beneath its 
ventral surface except at its extreme anterior end. Here the tip 
of the plate is fused with the mesoderm of the prechordal plate as 
described by Hill and Florian (1931), but differs from their descrip- 
tion in being also in continuity with the endoderm. Some cells of 
the endoderm extend backward beneath the plate for a distance of 
0.05 mm. but in this situation they cannot be considered as part 
of the ventral wall of a notochordal canal. 

Situated well dorsally on the posterior wall of the gut is a small 
area in which the ectoderm and endoderm meet and blend. As well 
as can be determined from sagittal sections the mesoderm also 
joins this group of indifferent cells and strengthens the impression 
that it is the primitive knot. Although the ectoderm is indented at 
this spot, and to a less extent the endoderm also, there is no lumen 
present to represent the notochordal canal. 
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The cloacal membrane lies somewhat ventral to the primitive 
knot and is larger in area. Minor contacts between the ectoderm 
of the amniotic wall and the endoderm of the allantois are described 
by Sternberg and Llorca and are interpreted by them as relics of 
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Figure 7. — A portion of the notochordal plate in sagittal section. The 
neural plate, bent at a right angle, lies above it. The lower wall of the yolk sac 
has been pressed upward so far as to appear at the bottom of the figure. X 750. 

an originally more extended cloacal membrane. Such contacts do 
not occur in this specimen. 

The primitive knot, the cloacal membrane, and still more 
ventrally, the opening of the allantois do not lie in the median plane 
of most of the embryonic shield. The first mentioned appears in 
the third and fourth sections to the left of the plane, the second in 
the fourth to eighth sections to the right of the plane, and the third 
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still farther to the right in the nineteenth and twentieth sections. 
Since the primitive knot lies in a horizontal plane 0.175 mm. above 
the allantoic opening and in a vertical plane 0.192 mm. to the left 
of it, the distance between the two structures is 0.26 mm., very 
nearly the same as may be calculated for Sternberg's embryo from 
his figure 29. 

The allantois is divided into three parts, each containing a lumen. 
Including the gaps between the main part and the two vesicles 




Figure 8. — Graphic reconstruction of the body stalk and the posterior end 
of the embryo as seen from above. The ectoderm (lined) is shown in contact 
with the endoderm (dotted) at the primitive knot (A) and the cloacal membrane 
(B). The broken line marks the margin of the shield: its distance from the 
ectoderm indicates the extent of the tail fold. Allantois (C) and its vesicles 
(C, Cn). Body stalk (D). X 120 (approximately). 



which have obviously been abstricted from its distal end its total 
length is 0.75 mm. Sternberg notices the great variations in 
length of the allantois in embryos of approximately the stage of 
development of this specimen. The range is from the allantois — 
1.25 mm. — of Ingalls' embryo through that of Sternberg's own 
embryo, 0.875 mm. and the present case, to that of Ludwig, 0.27 
mm. The latter, however, has a puckered outline and is much 
expanded at its distal end. Llorca's embryo, for which an allantoic 
length of 0.26 mm. may be calculated from his figure 3, is in the 
same class. 

So many of the sections are almost tangential to the allantois 
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that it is impossible to speak for the structure of all parts of its 
epithelium but where the picture is clear the cells are columnar and 
are arranged in a single layer. Unlike the condition described by 
Sternberg there is no contact between the epithelium of the allantois 
and that of the amnion. In this T 439 resembles Ingalls* embryo 
but differs from the latter in being also without contact between 
the allantois and the mesothelium of the body stalk. 

As noted by Martin (1937) in the Falkiner ovum and again by 
Ramsey in the Yale ovum the allantois may arise from the wall of 
the yolk sac previous to the delimitation of the body stalk in which 
is it finally incorporated. The movement suggests a process akin 
to the * 'regulation" of the experimental zoologist. This may 
account for the somewhat lateral position which the allantois may 
occupy during the course of its development. However, the relative 
position of primitive knot, cloacal membrane, and allantois in the 
present specimen suggests an artificial displacement toward the 
right and increasing ventrally. Artificial displacement is also 
suggested by Wilson's description and figures of the embryo H 3 
and may play a part in other cases of unsymmetrical allantois. 
For instance, in the ovum described by Thompson and Brash (1924) 
the entire allantois along with the greater part of both yolk sac 
and body stalk lie to the right of the median plane of the embryonic 
shield. Displacement, however, has played no part in the separa- 
tion of the vesicles from the main part of the allantois; for there is 
no evidence in the structure of either the epithelium of the vesicles 
or of the surrounding mesoderm that unnatural tensions have been 
operating. 

Germ cells as described and figured by Politzer (1933) are seen 
in the endoderm which surrounds the opening of the allantois. 
Their larger size and more lightly stained cytoplasm identify them 
among the ordinary endodermal cells, but equally characteristic is 
their ability to compel the surrounding cells to make the necessary 
adjustments of form and leave the germ cells well rounded. Nine 
such cells are clearly recognizable. Defective preservation of 
cellular detail permits varying degrees of doubt regarding several 
others so that an accurate count is impossible. 

Mesoderm and Caelom 

Toward the margins of the embryonic shield a bilaminar struc- 
ture of the mesoderm obtains and includes small isolated spaces as 



Early Human Embryo 21 

described by Ludwig. At no place is there open communication 
between the caelom and the exocaelom. Toward the median plane 
the bilaminar appearance is lost and the mesoderm thickens. To 
mark the line of the somite stalks a region of thinning might next 
be expected but cannot be found, perhaps because of the sagittal 
plane of the sections. Where best expressed the virtual somatic 
and splanchnic layers are each formed of a single layer of cells, but 
at the edge of the embryonic shield the distinction between the 
layers is lost and the mesoderm thickens. Within the shield the 
distinction made by Rosenbeck (1923) between compact gastral 
and looser primary mesoderm cannot be detected. Neither can 
boundaries be assigned to the mesoderm derived from the pre- 
chordal plate, nor can a contribution from the ectoderm be con- 
firmed. Anteriorly the sheet of mesoderm is perforated to permit 
the approach of endoderm to ectoderm as already noted. Pos- 
teriorly there is a pair of perforations, one at the site of the primitive 
knot, the other at the cloacal membrane. The latter is the larger 
and has a definite edge while at the primitive knot the mesoderm 
is continuous with the group of cells in which all three germ layers 
blend. 

Somites — Arey (1938) has summarized the most important 
features of the first pair of somites of this embryo, viz. : the somites 
are well differentiated; the left is equal in size to the second somite, 
the right is somewhat smaller; the left is broadly connected to the 
unsegmented mesoderm anterior to it, the right is partly separated 
by a shallow groove; the right contains a small central cavity but 
the left does not. 

In addition it may be noted that the somites all show a few cells 
in their centres. The surrounding cells tend toward a radial 
arrangement which is most clearly expressed in the second pair. 
At their ventral edges the somites of the second pair connect 
anteriorly and posteriorly with the neighbouring somites by a short 
bridge of mesoderm one or two cells in thickness. The somites of 
the third pair are even more stoutly connected with the unseg- 
mented mesoderm posterior to them. 

The caelom extends no further posteriorly than the anterior 
part of the first somite and in consequence is to be considered as 
essentially the pleuro-pericardial cavity. It has the usual horse- 
shoe form of its early condition but the transverse bar lies in a more 
anterior position than in other embryos of comparable stage of 
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development. There being as yet no ventral wall to the foregut 
the future posterior border of the cavity is now its most anterior 
part and extends into the pericardial plate of Wilson. This plate, 
however, is not yet bent under but extends anteriorly beyond the 
margin of the embryonic shield. This position might be considered 
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Figure 9. — Sagittal section of the anterior end cf the embryonic shield necr 
the median plane. X 250. 

A Pericardial cavit>' C Cavity of the yolk sac 

B Amniotic cavity D Wall of the chorion 

as due to the same pressure which has driven the adjacent wall of 
the yolk sac even more anteriorly and upward. However, while 
the dislocation of the yolk sac is obvious, the appearance of the 
adjacent walls of the amnion and pericardial cavity does not convey 
the impression of much interference. A number of delicate cellular 
and protoplasmic strands cross between the two walls of the 
pericardial cavity; relics of the earlier contact of the walls they can 
hardly have survived much violence. The stage of development 
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reached by this region is much less advanced than that figured in 
Ingalls' Plate 2 or Ludwig's figure 1. It is plain that an attempt 
to force the parts in question as shown in these figures into the 
p>ositions they occupy in this embryo would cause disturbances 
which are absent, such as folds in the walls of the amnion and the 
pericardial cavity. The pericardium as shown in Ludwig's figure 2 
will almost represent' also the pericardium of this embryo but it 
must be shifted anteriorly for the transverse part lies altogether in 
front of the notochord and is but slightly overlapped by the neural 
plate. The narrowing of the transverse part of the pleuro-peri- 
cardial cavity and the presence of small outlying cavities are alike 
in both embryos. As yet no indication exists of the future peri- 
cardial recesses. 

The wall of the pleuro-pericardial cavity consists of a single 
layer of mesothelial cells except at its edges where it joins the 
general mesodermic sheet. In the present position of the pericar- 
dial portion of the cavity the somatic wall is uppermost and is 
formed of flat cells while the cells of the myoepicardial wall are 
cubical. Passing from the transverse part of the cavity backward 
along its lateral limbs the cells of the somatic wall first become 
cubical and then are arranged in more than one layer. Con- 
currently the splanchnic wall thickens into two or three layers of 
cells. Where the walls meet at the outer boundary of the caelom 
the mesoderm is rapidly reduced to the two single-celled layers 
already mentioned as forming the mesoderm near the margin of the 
embryonic shield. 

Vascular Anlagen 

Beneath the pleuro-peritoneal cavity lie the anlagen of the 
heart and the vitelline veins while the anlagen of the dorsal aortae 
lie nearer the median plane beneath the somites and their anterior 
continuation of mesoderm. The cells of these anlagen have formed 
very few vesicles and no long tubes. Here and there angioblastic 
cords have been produced similar to those of the chorion but the 
great majority of the cells lie in small flat groups between mesoderm 
and endoderm but not in contact with either except by cytoplasmic 
threads. The aortic and cardio-vitelline bands of cells as described 
and figured by Watson (1924) for the cat can be recognized but 
the intervening space is not entirely devoid of cells. 

Organization of the aortic band of ceils into angioblastic cords 
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is most advanced anteriorly. On both sides a short distance 
anterior to the first somite a vesicle with definite endothelial wall 
can be traced through two sections. In the cardio-vitelline vein 
band the organization is most advanced under the posterior parts 
of the pleuro-pericardial horseshoe where, on the right side, two 
of the cords show an expansion with lumen. The foregoing is 
clear and is in general agreement with Watson's description of 
early vasculogenesis in the shield of the cat. Unfortunately the 
cytoplasmic preservation of the angioblastic cells is so poor that 
no further definite statements should be made. 

Conclusion 

Regarding this embryo as a whole and comparing it with other 
embryos of approximately the same number of somites, in spite of 
any fault of preservation, sufficient evidence is clear to establish 
a comparative retardation of development in the more anterior 
parts of the embryonic shield, namely, the foregut, the pleuro- 
pericardial portion of the caelom, the heart and associated vessels. 
Whether this is within the range of normal development can 
scarcely be decided, descriptions of human embryos of comparable 
age being so few. Embryos, of corresponding age, from mammals 
in which fever had been artificially produced during the last few 
days of development might throw some light on the question. 

Summary 

The embryo — T 439 — was obtained at a routine post-mortem 
examination and is in a fair state of preservation. 

Three pairs of somites are well developed indicating an age of 
approximately 20 days. 

The deciduae accord in general with descriptions of deciduae 
given by other investigators. 

No operculum was found in the decidua capsularis. 

The embryonic membranes present no major variations. 

Blood vessels with walls of endothelium only are present in the 
body stalk and adjoining chorion. They do not extend into the 
embryonic shield or connect with the blood islands of the yolk sac. 

Development in the embryonic shield anterior to the somites is 
comparatively retarded, foregut, caelom, heart and blood vessels 
being seriously affected. 

The question is raised as to the eflPect of a few days* development 
at the heightened temperature of a pneumonia. 
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